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CHAPTER  1 


INTRODUCTION 

Statement  of  the  Problem 

The  Air  force  is  concerned  when  reliability  problems 
cause  excessive  support  cost  and  aircraft  to  be  grounded  or 
unavailable  for  the  full  combat  mission  for  which  it  was 
procured.  One  approach  to  improving  weapon  systems  relia- 
bility is  to  improve  the  reliability  of  selected  spares.  By 
being  selective,  force  wide  modification  expenses  can  bo 
avoided. 

The  portion  of  the  Air  force's  budget  devoted  to 
modifying  in-inventory  aircraft  to  improve  availability, 
reduce  aborts,  and  decrease  equipment  maintenance  costs 
is,  and  always  has  been,  quite  limited  i.0»9j. 

Locating  items  with  highost  potential  benefit  per  dollar 
invested  is  a logical  and  necessary  prerequisite  to  the 
effective  use  of  an  austere  budget  (b«9). 

There  are  several  approaches  to  identifying  hgh 
return  on  investment  reliability  improvement  candidates. 

One  approach  is  to  act  on  known  problems.  This  method  is 
used  almost  completely  to  the  exclusion  of  other  methods. 

The  weakness  to  this  approach  is  that  the  known  problem  items 
may  not  provide  the  opportunity  for  a high  return  on  invest- 
ment. Items  not  on  a problem  item  list  may  provide  better 
opportunities  for  a higher  return  on  investment  (b«9). 
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A second  approach  to  locating  opportunities  is  to 
manually  investigate  each  individual  inventory  item  using 
engineering  techniques.  The  investigation  of  all  items  in 
the  inventory  withouc  the  benefit  of  a systematic  screening 
technique  is  impractical  from  a time  and  labor  cost  stand- 
point (6 i 9).  A third  approach  is  to  use  a computerized 
algorithm  capable  of  systematically  screening  thousands  of 
items  to  identify  potential  opportunities  (6i9). 

In  light  of  limited  Defense  dollar  availability,  it 
is  imperative  that  reliability  improvement  projects  be  chosen 
such  that  the  Air  Force  obtains  the  highest  possible  return 
on  investment.  The  problem  is  that  there  is  currently  no 
efficient  method  in  use  to  select  aircraft  equipment  relia- 
bility improvement  projects  from  the  thousands  of  equipment 
items  in  the  inventory  that  will  maximize  return  on 
investment. 

Definitions 

To  provide  a common  frame  of  reference,  a number  of 
terms  used  frequently  in  this  research  are  located  in 
Appendix  A.  The  list  provided  is  not  intended  to  be  all 
Inclusive.  A more  complete  listing  of  terms  can  be  found  in 
A Compendium  of  Authenticated  Logistics  Terms  and  Definitions 
by  Gluck  (see  part  B of  the  bibliography). 
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Background 


Today's  modern  weapon  systems  require  design  charac- 
teristics that  are  highly  complex  and  continually  stressing 
the  state-of-the-art.  Adequate  testing  and  analysis  of 
equipment  to  achieve  high  reliability  is  often  hindered  by 
time  and  money  constraints.  These  factors  lead  to  the 
deployment  of  military  systems  which  require  extensive 
resources  to  maintain  and  support  due  to  failure  or  mal- 
function (lOil).  For  aircraft  that  have  been  in  the  inven- 
tory for  several  years,  many  equipment  items  are  less  reli- 
able than  the  current  state-of-the-art  would  permit  (7). 
Historically,  the  Department  of  Defense  (DOD)  has  recognized 
the  need  for  increased  equipment  readiness  and  reduced 
support  costs  for  both  new  and  inventory  aircraft. 

The  reliability  problem  has  long  been  recognized  by 
defense  management  and  design  contractor  and  much  effort 
has  been  expended  over  the  past  two  decades  to  improve 
the  situation.  For  instance,  in  1952  the  Advisory 
Group  on  Reliability  of  Electronic  Equipment  (AGREE) 
was  established  and  made  many  recommendations  for  improve- 
ment. One  such  recommendation  resulted  in  establishing  a 
military  standard  for  designing  and  conducting  reliability 
tests  (MIL-STD-781)  [10il]. 

The  above  referenced  standard  outlines  test  plans  based  upon 
exponential  or  Poisson  distributions  which  are  intended  to  be 
utilized  for  equipment  testing  (10«1). 

Military  Standard  (MIL-STD)-785A,  Reliability  Program 
for  System  and  Equipment  Development  and  Production  states 
that,  ".  . . the  system’s  mission  responsive,  reliability 
requirements,  and  objectives,  including  minimum  acceptable 
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values  for  hardware,  shall  be  contractually  specified 
L3»8-93."  M1L-STD-781A  provides  a reliability  plan  for  test 
and  evaluation  of  new  weapon  systems  (3il0).  MIL-STD-721B 
Military  Standard  Definitions  of  Effectiveness  Terms  for 
Reliability.  Maintainability.  Human  Factors,  and  Safety, 
provides  a common  language  for  DOD  and  defense  contractors 
by  defining  words  and  terms  most  frequently  used  in  speci- 
fying effectiveness  (17 »1). 

A Defense  Science  Board’s  Avionics  Task  Force  Report 
of  1973  recommended  that  DOD  investigate  the  relationships 
among  system  and  subsystem  reliability,  availability,  and 
life  cycle  costs.  The  office  of  the  Director  of  Defense 
Research  and  Engineering  (ODDR&E),  acting  on  this  recommen- 
dation, requested  that  the  Logistics  Management  Institute 
undertake  a study  to  investigate  the  relationships  (10i4). 

One  of  the  recommendations  of  this  study  was  that  reliability 
data  be  collected  at  the  subsystem  level  for  basic  analysis 
and  for  use  by  future  reliability  growth  programs  (10i75). 

The  United  States  Air  Force  (USAF)  has  developed  data  systems 
designed  to  document  the  activities  in  supporting  weapon 
systems. 


The  AFM  66-1  data  base  contains  field  information  on 
the  equipment  failures  of  operational  aircraft,  causes  of 
failure,  number  of  maintenance  actions,  reasons  for  these 
actions,  and  average  time  to  perform  maintenance.  The 
AFM  66-1  data  base  is  used  to  identify  and  quantify 
specific  reliability  and  maintainability  problem  areas 
[3*10]. 
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Another  system  is  the  Increase  Reliability  of  Operational 
Systems  (IROS)  which  provides  Air  Force  managers  with  neces- 
sary data  to  make  realistic  decisions  ( 3 i 12-14).  An  inherent 


problem  exists  with  these  data  systems. 


Resource  consumption  at  the  depot  level  is  monitored 
and  measured  in  terms  of  Federal  Stock  Class  (FSC), 
Federal  Stock  Number  (FSN)*,  Repair  Group  Category  (RGC), 
and  Mission  (Weapon)  Design  Series  (MDS),  and  at  the 
base  level  by  Work  Unit  Code  (WUC)  and  organizational 
entity.  In  addition,  certain  items  like  avionics  equip- 
ment are  procured  with  Army-Navy  (AN/xxx)  nomenclature. 
Compounding  che  problem  of  multiple  nomenclatures  is  the 
fact  that  there  is  no  complete,  official  correlation 
between  FSNs  and  WUCs.  The  current  practice  of  pur- 
chasing items  by  AN  designation,  managing  them  by  FSNs, 
and  maintaining  them  in  terms  of  WUCs  makes  it  almost 
impossible  to  identify  logistics  support  costs  accurately 
at  the  item  level.  In  general,  one  has  to  resort  to 
allocation  schemes.  The  Increase  Reliability  of  Opera- 
tional Systems  (IROS)  program  provides  a partial  cross- 
reference  listing  between  FSNs  and  WUCs,  and  at  some 
future  time  may  provide  this  important  linkage  [4t53. 


The  data  base  described  in  the  next  chapter  contains  a partial 


WUC/NSN  cross-reference  prepared  by  the  Logistics  Management 


Institute. 


Reports  on  existing  and  developing  weapon  systems 
have  studied  the  actual  performance  of  weapon  systems  with 
estimated  reliability  figures.  The  1974  RAND  report  on  the 
A-7D  aircraft  stated* 


Avionics  component  reliability  specifications  based 
on  bench  test  appeared  to  have  little  relation  to  the 
subsequent  reliability  of  the  component  in  an  operational 
environment  [11 iV], 


^Federal  Stock  Number  (FSN)  is  now  National  Stock 
Number  (NSN). 


r 11 " 1 11,1 - 

r i 
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Similarly,  a 1976  report  on  reliability  and  maintainability 
of  the  A-1QA  stated  that  "Regardless  of  the  method  used  to 
arrive  at  a demonstrated  MTBF,  the  aircraft  did  not  achieve 
the  contractually  required  reliability  [2»14l3." 

Then  Deputy  Assistant  Secretary  of  Defense  (Materiel 

Acquisition)  OASD(IAL)  Jacques  S.  Gansler  commented  in  the 

i 

April  1976  Defense  Management  Journals 

An  intensive  program  to  understand  and  follow  up  on 
the  means  to  significantly  improve  the  field  reliability 
of  complex  weapon  systems  commenced  three  years  ago  as  a 
result  of  studies  showing  significant  field  reliability 
problems,  particularly  in  complex  weapons  electronics 

L5.1]. 

Air  Force  Regulation  (AFR)  80-5,  Reliability  and 
Maintainability  Programs  for  Systems.  Subsystems.  Equipment, 
and  Munitions,  outlines  the  objectives,  basic  concepts,  and 
policies  of  the  Air  Force  Reliability  and  Maintainability 
(RAM)  Program,  and  assigns  management  and  development 
responsibilities  (16*1). 

Justification 

The  Operating  and  Support  (O&S)  costs  of  Air  Force 

aircraft  have  been  rising  to  the  point  where  it  Is  difficult 

to  afford  the  quantity  or  quality  of  aircraft  needed  for  the 

first  rate  defense  of  our  nation  (7).  The  increasing  GAS 

costs  were  highlighted  in  a 1973  Air  Force  Flight  Dynamics 

Laboratory  report  which  stated i 

More  than  two-thirds  of  the  national  defense  budget 
for  the  past  six  years  has  been  required  to  support  the 
existing  military  inventory  of  equipment..  Cost  of 
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manpower  and  spares,  which  are  the  two  main  drivers  in 
this  multi-billion  dollar  outlay,  is  increasing  each 
year  [8«l3. 

The  Air  Force  desires  that  its  aircraft  be  reliable,  ready 
to  fight  at  all  times,  and  operate  with  minimal  support 
costs.  While  every  attempt  is  made  to  initially  design 
these  features  into  aircraft,  there  is  often  room  for  improve 
ment  after  an  aircraft  has  entered  the  operational  Inventory 
and  production  has  ceased  (6il).  A major  factor  contributing 
to  aircraft  non-availability  and  rising  O&S  cost  is  low 
equipment  reliability  (7). 

Low  equipment  reliability  ultimately  degrades  mili- 
tary readiness.  The  military  must  be  ready  to  respond  to 
any  world  situation  that  threatens  the  security  of  the 
United  States.  All  military  forces’  readiness  plans  are 
based  on  an  assumed  number  of  systems  being  in  commission 
when  needed  and  that  those  systems  will  perform  satisfacto- 
rily. A system,  as  defined  in  Air  Force  Regulation  80-5 
(AFR  80-5),  is  t 

A composite  of  equipment,  skills,  and  techniques 
capable  of  performing  or  supporting  an  operational  role. 

A complete  system  includes  related  facilities,  equip- 
ment, material,  services,  and  personnel  required  for 
its  operation  so  it  can  be  considered  a self-sufficient 
unit  in  its  intended  operational  and  support  environment 

[16i2]. 

Military  weapon  systems  can  be  considered  to  be 
principle  end  items  such  as  aircraft,  ships,  tanks,  and  so 
forth.  Further,  an  aggregation  of  equipment  designed  to 


function  together  to  perform  some  overall  mission  may  be 


considered  a system,  such  as  a communication  system  (IO16). 
This  research  effort  will  consider  a system  to  be  a single 
aircraft  with  all  of  its  installed  on-board  equipment 
required  to  perform  its  assigned  mission. 

An  aircraft  weapon  system  consists  of  a number  of 
subsystems,  which  in  turn  may  consist  of  major  equip- 
ment and  subordinate  equipment  called  Line  Removable 
Units  (LRU)  [10i6-73. 

Radio  Navigation,  Fire  Control,  and  Propulsion  systems  are 
aggregated  collections  of  major  components  to  perform 
specific  tasks.  Major  components  are  equipment  items  that 
perform  some  specific  function,  such  as  radio,  radar,  and 
computer.  LRUs  are  modules  or  units  chat  are  removed  and 
replaced  at  the  first  maintenance  echelon  when  a malfunction 
is  detected  (I0i7). 

"System,  subsystems  and  LRUs  are  related  with  regard 
to  availability,  reliability,  and  maintainability  character- 
istics in  several  ways  [10»7]."  System  availability  is  the 
probability  that  an  aircraft  is  operationally  ready  to 
perform  its  assigned  mission  at  any  random  point  in  time 
(IS i 2).  A system  is  available  to  perform  its  given  mission 
when  all  subsystems  are  operationally  ready  (OR).  When  a 
subsystem  falls,  the  cause  of  failure  must  be; isolated  and 
corrected.  The  time  necessary  to  analyze  the  subsystem  and 
perform  proper  corrective  actions  is  the  maintainability 
characteristic  of  the  system  (10i7).  System  reliability  is 
defined  as  the  probability  that  a single  item  which  is 


8 


Initially  available  will  successfully  perform  its  intended 
function  without  a critical  failure  (11 18). 

The  probability  that  a system  will  be  both  available 
to  initiate  a mission  at  any  random  point  in  time  and 
will  be  capable  of  completing  the  mission  without  a 
critical  failure  is  one  measurement  of  system  effec- 
tiveness . . . [10 i 8-93. 

System  effectiveness  is  often  defined  in  terms  of  performance 
characteristics  such  asi  speed,  payload,  altitude,  range, 
radar  capability,  and  firepower  accuracy.  These  performance 
characteristics  are  difficult  to  independently  measure  and 
the  establishment  of  tradeoffs  among  the  characteristics  is 
even  more  difficult  (10i2). 

Nevertheless  performance  requirements  are  established 
and  the  system  is  designed  to  meet  those  requirements. 
Given  a set  of  system  performance  characteristics,  the 
operational  effectiveness  of  the  system  is  not  so  diffi- 
cult to  measure.  Operational  effectiveness  can  be 
measured  in  terms  of  system  availability  and  system 
reliability  [10i2-3], 

The  system  maintainability  characteristics  should  be  added  as 
a measurement  factor  of  operational  effectiveness. 

Reliability  can  be  improved  by  Increasing  the  length 
of  time  that  a system  or  subsystem  will  operate  without 
failure.  Maintainability  can  be  upgraded  by  lowering  total 
maintenance  manhours  through  reductions  in  maintenance  task 
performance  time,  or  by  a reduction  in  tne  number  of  person- 
nel required  to  complete  a task.  Improving  reliability  and 
maintainability  (R&M)  results  in  fewer  failures  and  fewer 
maintenance  manhours  as  well  as  a reduction  in  spare  parts 
inventory  requirements.  These  R&M  improvements  result  in 
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lowering  costs.  A.  further  benefit  of  R6W  reductions  is 
increased  aircraft  availability  since  the  system  spends  less 
time  in  the  hangar  and  is  available  to  accomplish  more 
missions.  However,  reliability  and  maintainability  improve- 
ments can  only  be  achieved  at  a price.  Ideally  the  cost  to 
improve  R&M  should  be  more  than  offset  by  lower  future 
operating  costs  and/or  improved  operational  effectiveness 


(1*9). 

Throughout  the  system's  life  cycle,  various  equip- 
ment improvements  are  recommended  to  upgrade  reliability  and 


maintainability  characteristics  (1*3). 

The  problem  for  program  managers  lies  in  deciding 
whether  the  cost  of  improving  the  aircraft  ^ 

sufficiently  offset  by  the  reduction  in  expenditures 
for  maintenance  that  are  expected  to  result  if  the 
improvement  s are  made  L 1 • 3 J . 


Rigorous  analytical  techniques  for  R&M  improvements  have  not 
always  been  utilized  in  the  past  because  they  either  were  too 
complicated  to  use  or  were  not  available  (1«3). 

Reference  was  made  previously  to  the  IROS  system 


which  is  a currently  utilized  method 

to  identify  those  subsystems,  components,  and 
items  of* equipment  which  are  disproportionate  resource 
consumers,  high  contributors  to  system  non-availability 
or  potential  safety  problems  based  on  their  reliability 
or  maintainability  performances  [14ilO-lJ. 


The  primary  products  of  the  IROS  program  are  rankings  of 
items  by  their  Logistic -Support -Cost  (L SC)  presented  in 
several  formats  (LSC,  WUC,  NSN,  etc.).  The  basic  contention 


is  that  those  items  high  on  the  LSC  list  are  more  deserving 
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of  attention  than  those  lower  on  the  list.  This  approach  is 
a direct,  simple,  and  easily  understood  approach  to  the 
identification  of  items  which  are  consuming  an  enormous 
amount  of  support  dollars. 

It  is  the  contention  of  the  researchers  that  the 
IROS-Logistic-Support-Cost  (IROS-LSC)  ranking  approach  can 
be  supplemented  to  account  for  more  factors  bearing  on  the 
reliability  improvement  candidate  identification  problem. 
First  the  IROS-LSC  ranking  approach  does  not  include  system 
availability  benefits  resulting  from  improved  reliability 
(7).  This  availability  factor  could  be  added  to  estimate 
the  reliability  induced  system  degradation.  This  degradation 
is  composed  of  the  remaining  life  support  cost  for  the  equip- 
ment item  in  question  and  the  dollar  value  of  the  aircraft 
which  is  not  available  to  perform  its  intended  mission  due 
to  the  unsatisfactory  reliability  of  the  item. 

A second  deficiency  with  the  IROS-LSC  is  a lack  of 
an  estimation  of  investment  required  to  improve  the  relia- 
bility of  identified  items.  As  might  be  expected,  the  most 
expensive  items  such  as  jet  engines,  and  inertial  navigation 
systems  are  congregated  at  the  top  of  the  IROS-LSC  list.  It 
follows  that  significant  reliability  improvement  in  these 
complex,  expensive  items  is  extremely  costly.  Conversely  a 
mundane  and  inexpensive  item,  such  as  a $100  hydraulic  valve, 
will  rank  quite  low  on  the  IROS-LSC  listing  even  if  the 
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annual  support  cost  Is  quite  high  In  relation  to  the  $100 
unit  price. 

The  IROS-L£>C  approach  could  be  strengthened  by  con- 
sidering availability  benefits  as  well  as  support  costs. 

These  factors  when  coupled  with  an  estimate  of  the  investment 
required  to  achieve  improved  system  reliability,  would  result 
in  a model  which  is  an  efficient  and  responsive  vehicle  for 
assisting  management  in  the  identification  of  reliability 
improvement  candidates. 

Research  Objective 

Where  product  improvement  efforts  have  been  continu- 
ously undertaken,  significant  reductions  in  failure  or 
removal  rates  have  resulted  (Ii7). 

An  integral  component  of  any  product  improvement 
program  is  a method  for  quickly  and  conclusively  deter- 
mining the  most  beneficial  changes  that  could  be  incor- 
porated into  in-service  aircraft  [1«7}. 

It  would  be  highly  desirable  to  Investigate  all  aircraft 
equipment  items  for  reliability  improvement.  Using  engi- 
neering estimation  techniques,  the  investigation  of  all 
items  is  cost  prohibitive.  One  selection  technique  that 
could  be  employed  is  to  select  aircraft  spares  at  random  for 
reliability  improvement  investigation.  Using  this  approach 
the  researchers  believe  that  the  yield  of  high  potential 
return  on  Investment  items  versus  low  potential  return  on 
investment  items  would  be  unsatisfactory.  Furthermore,  it 
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is  highly  possible  that  only  a small  segment  of  the  popu- 
lation of  items  would  be  investigated. 

In  light  of  the  above  considerations,  the  research 
objectives  were  to  develop,  apply,  and  evaluate  a computerized 
screening  methodology  which  could  Identify  aircraft  equipment 
items  for  reliability  improvement.  These  same  items,  if  their 
reliability  were  improved,  would  liave  a potentially  high 
return  on  investment  if  introduced  as  spares  on  a normal 
attribution  or  replacement-on-failure  basis. 

Research  Hypothesis 

It  was  hypothesized  chat  the  computerized  screening 
model  developed  in  this  research  is  a more  effective  discemer 
of  identifying  equipment  item  candidates  for  reliability 
improvement  programs  than  the  present  approaches  employed. 

Scope 

In  the  past,  analysis  of  logistics  data  has  been 
performed  on  many  systems  parameters,  and  on  many  different 
aircraft,  Nevertheless,  the  studies  have  usually  been 
restricted  to  a few  parameters  and  aircraft  types  due  to 
data  base  limitations.  Recently,  however,  a data  base  was 
formulated  that  merged  data  from  four  major  data  systems, 
and  provides  a partial  work  unit  code  to  national  stock 
number  (W'JC/NSN)  cross-reference.  The  data  base  contains 
Information  concerning  thirty-one  major  series  of  Air  Force 
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aircraft.  This  thesis  is  the  first  research  effort  to  take 
advantage  of  this  data  base  which  is  described  in  Chapter  II. 

The  scope  of  this  research  is  to  utilize  this  data 
base  to  develop,  apply,  and  evaluate  a computerized  method- 
ology to  identify  potential  high  benefit  to  investment  ratio 
aircraft  spares  for  reliability  improvement. 

Limitations 

The  data  base  is  limited  to  thirty-one  Air  Force 
aircraft  weapon  systems.  The  data  are  historical  data  for 
the  period  October  1976  through  September  1977.  The  data 
sources  are  from  existing  Air  Force  Data  systems.  These 
sources  (described  further  in  Chapter  II)  contain  infor- 
mation related  to  equipment  deficiencies  and  system  opera- 
tional statistics.  Causes  of  system  downtime  such  as  pre- 
flight and  post  flight  inspections  that  are  not  related  to 
specific  equipment  items  are  not  included  in  the  analysis. 
Excluded  from  the  analysis  is  improved  performance  such  as 
increasing  bombing  accuracy.  The  emphasis  is  placed  on 
increasing  weapon  system  availability,  decreasing  mission 
aborts  and  reducing  operating  and  support  costs.  An 
assumption  is  made  that  the  benefits  derived  from  the 
improvement  of  one  equipment  item  will  not  be  reduced  by 
degrading  the  performance  and  availability  of  other  items 
in  the  system. 
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While  the  model  was  developed  for  all  types  of 
equipments,  the  actual  evaluation  of  the  model  was  restricted 
to  Federal  Stock  Class  (FSC)  1650,  which  consists  of  items 
such  as i valves,  actuators,  and  constant  speed  drives. 

This  narrowed  the  scope  of  the  research  effort  so  that  a 
detailed  analysis  of  the  computerized  model  could  be 
performed. 

Chapter  Synopsis 

In  this  chapter  we  have  presented  a statement  of  the 
problem,  background  and  justification  for  the  study,  iden- 
tified the  scope  and  direction  of  the  research,  and  stated 
the  limitations.  The  next  chapter  presents  the  methodology 
used  in  the  research  effort.  A detailed  description  of  the 
mathematical  model  used  in  the  research  is  provided  in 
Chapter  III.  Chapter  IV  provides  an  analysis  of  the  rnodci. 
application.  Finally,  Chapter  V presents  conclusions  and 
recommendations . 
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CHAPTER  11 


METHODOLOGY 


Introduction 

Improving  the  reliabilities  of  equipments  on  air- 
craft currently  In  the  Inventory  can  have  several  beneficial 
effects.  Improved  reliability  can  result  im  Improved 
mission  accomplishment,  fewer  aborts  and/or  accidents. 
Increased  availability,  and  reduced  maintenance  cost  at  both 
the  base  and  depot  levels. 

Methods  of  Introducing  L mproy  e« i _t'.qu \ pinent 

There  are  several  ways  to  Introduce  unproven  vli- 
ability  equipment  into  the  active  inventory.  Some  of  the 
replacement  policies  arei  (a)  Force  Moo  if  icat  Lon  (.Force 
Mod),  (b)  Replace  on  Condemnation  (ROC),  (c)  Replace  or 
Repair  at  base  (ROKAB),  (d)  Replace  on  Failure  ( ROF ) . 

Force  modification.  This  method  ol  introducing 
equipment  would  replace  existing  equipment  wit. tout  reg...a  to 
tho  condition  of  the  existing  equipnioiit.  The  actual  replace- 
ment process  would  eiLher  be  accomplished  at  tho  base  or 
depot  level  depending  upon  the  complexity  oi  the  maintenance 
actions  required  to  accomplish  the  task.  This  method  is 
cxitensive  for  several  reason.  . It  would  replace  serviceable 
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items  that  would  have  considerable  llle  remaining.  It 
requires  large  capital  outlays  to  completely  retrofit  an 
entire  fleet  of  aircraft  over  a relatively  short  period  of 
time.  Furthermore,  it  adversely  effects  aircraft  availa- 
bility since  the  aircraft  must  bo  groundod  to  complete  the 
modification. 


Replace  on  condemnation.  This  method  of  adding 
Improved  sparos  to  the  inventory  is  to  replace  the  defective 
Item  when  it  is  condemned.  When  an  item  is  condemned  either 
at  the  base  or  depot  level,  a new  improved  spare  is  entered 
into  the  inventory.  This  method  utilizes  the  normal  useful 


life  of  tho  old  spare  and  enters  the  improved  sparos  into 
the  inventory  at  a slower  rate  than  tho  other  methods.  Ini- 
tial capital  investment  would  tend  to  be  less  and  the  total 
Investment  could  be  amortized  over  a longer  time  period. 


so.  This  method  of  intro- 


ducing Improved  items  into  Inventory  is  somewhat  accelerated 
compared  with  tho  replace  on  condemnation  policy.  Upon 
removal  of  the  item  from  the  aircraft,  it  is  bench  checked 
to  isolate  the  reason  for  failure.  If  it  is  determined  that 
the  Item  can  be  repaired  at  the  base,  this  action  is  accom- 


plished and  the  item  returned  to  service.  If  on  the  other 
hand,  the  item  is  beyond  the  repair  capability  ot  the  base, 
and  it  is  a depot  condemnation/ropair  item,  it  would  be  con 
demnod  at  the  base  in  lieu  of  returnitig  it  to  the  depol  for 
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appropriate  action.  The  now  improved  reliability  item  would 
then  be  installed  on  the  aircraft. 


Replace  on  failure.  The  fourth  method  oi  adding 
improved  spares  to  the  inventory  is  to  replace  the  defective 
item  on  failure.  When  an  item  malfunctions,  it  would  be 
removed  and  replaced  with  the  improved  reliability  model 
Instead  of  being  repaired  and  reinstalled.  This  replacement 
method  ignores  the  possible  remaining  life  of  the  old  spare 
but  It  does  got  the  improved  item  installed  into  the  weapon 
system  at  a fairly  rapid  rate. 

Of  the  four  replacement  policies  described  above, 
the  force  mod  case  will  not  be  further  investigated.  This 
case  is  a commonly  used  inethot  tor  quickly  replacing  defec- 
tive safety-related  components.  This  method  of  replacement 
is  also  used  to  modify  an  existing  aircraft  to  perform  a 
specific  mission  or  to  upgrade  mission  capability.  The 
Intent,  of  this  research  is  to  provide  a means  of  ldenti.  Ing 
equipment  items  for  reliability  Improvement  that  are  con- 
suming an  inordinate  amount  oi  maintenance  manhours  and/or 
spares  due  to  low  reliability.  The  three  remaining  n lace- 
ment  policies  are  an  integral  part  of  the  model  (lit  bribed 
in  Chapter  Hi).  The  model  computes  the  potential  return  on 
investment  under  each  policy.  It  then  identifies  that 
policy  which  provides  the  highest  return  on  reliability 
Improvement  dollar  investment. 

la 


As  a part  of  the  research  methodology , the  researchers 
investigated  current  Air  Logistics  Center's  (ALC)  approaches 
to  the  identification  of  equipment  for  improvement.  The 
following  section  describes  the  ALC's  approaches. 

Current  Approach 

The  current  approaches  for  the  identification  of  items 
for  reliability  improvement  presented  herein  are  not  meant  to 
be  all  Inclusive.  These  are  some  of  die  ways  in  which  problem 
items  are  identified  based  on  a visit  and  a telephone  inter- 
view with  personnel  from  Oklahoma  City  Air  Logistics  Center 
(OCALC),  Tinker  Air  Force  Base,  Oklahoma. 

Figure  2. 1 pictorially  depicts  the  flow  of  the  problem 
identification  process.  This  process  is  described  as  follows. 
The  information  is  generated  from  several  sources.  Some  of 
which  are  shown  in  the  figure.  Field  generated  data  conies 
from  Materiel  Deficiency  Reports  (MDR),  and  base  level  main- 
tenance activities.  Other  sources  of  problem  item  infor- 
mation include i Major  Commands,  System  Managers,  and  Item 
Managers.  Potential  problems  and  trends  are  also  Identified 
by  overhaul  agencies.  Demand  data  from  the  D041  supply 
system  is  analyzed  quarterly.  The  AFM  66-1  data  provides 
deficiency  packages  for  item  analysis. 

Information  from  these  sources  identified  above  flow 
to  the  Equipment  Specialists  (ES).  The  ES  uses  this  infor- 
mation to  generate  detailed  analyses.  The  results  of  the 
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analyses  are  reviewed  and  forwarded  to  appropriate  levels 
for  final  action. 

It  Is  realized  that  this  approach  may  be  an  effective 
method  of  Identifying  reliability  improvement  candidates. 
However,  the  researchers  believed  that  a computerized  method 
utilizing  an  existing  experimental  data  base  which  consoli- 
dates several  of  the  Figure  2.1  sources,  could  be  developed 
and  easily  applied  to  accomplish  the  same  task.  Next,  a 
data  base  description  is  presented,  after  which  the  research 
methodology  based  on  the  utilization  of  this  data  base  is 
discussed. 


Logistic  Investment  Screening 
Technique  (LIST)  Data  Base 

The  component  pieces  of  data  required  to  perform  the 
analysis  methodology  presented  are  contained  in  a data  base 
designed  by  Spray,  Genet,  and  Meitzler  formerly  of  the 
Air  Force  Systems  Command,  Aeronautical  Systems  Division, 
Productivity,  Reliability,  Availability,  Maintainability 
(PRAM)  program  office,  Wright -Patterson  Air  Force  Base, 

Ohio.  The  data  base  was  compiled  from  four  Air  Force  data 
systems  as  depicted  in  Figure  2.2. 

The  Increase  Reliability  of  Operational  System  (IROS) 
(K051)  provides  support  costs  and  quantity  per  appli- 
cation. The  Product  Performance  bystem  (D056)  provides 
data  on  failures,  man-hours,  and  other  performance  data. 
The  Aerospace  Vehicle  Inventory  and  Status  Reporting 
System  (G033)  provides  downtime  hours  and  occurrences. 

The  Recoverable  Consumption  Item  Requirements  System 
(D041 ) provides  unit  prices,  item  manager  identification, 
and  other  data.  Since  K.051  and  G033  are  geared  to  work 
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unit  codes  (WUC)  and  D041  is  by  master  stock  number 
(MSN),  a WUC /MSN  cross  reference  was  required  [6  ill- 12] 

The  Logistics  Management  Institute  developed  such  a cross 

reference  which  was  modified  for  inclusion  int'the  data  base 
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Figure  2.2,  LIST  Data  Sources  (bill) 


The  data  from  the  four  separate  systems  were 


reformatted,  edited,  and  merged  into  three  computer  tapes 


for  use  in  analysis.  »he  information  on  the  merged  tapes  is 
for  the  period  Octoljer  13.W6  to  September  1977.  The  tliree 


data  tapes  contain,  data  on  thirty-one  United  States  Air 
Force  aircraft  (Tabid*  2.1)  and  127,577  authorized  Work  Unit 
Codes  (WUC).  pf  these  WUCs,  93,293  had  action  reported 
against  them  during  the  year.  Of  these  93,293  WUCs  only 
24,686  are  contained  in  the  WUC/NSN  cross  reference,  of 


Table  2. 1 
LIST  Aircraft 


which  some  2000  are  Economic  Order  Quantity  (EOQ)  items. 
Although  the  approximately  25,000  cross  referenced  items  are 
approximately  26  percent  of  the  work,  unit  codes  reported  on 
during  the  year,  the  cross  reference  is  so  constructed  that 
it  tends  to  capture  those  items  causing  the  greatest  air- 
craft availability  degradation.  Previous  LIST  analysis 
showed  that  the  cross  referenced  items  accounted  for  over 
one-half  of  the  total  aircraft  availability  degradation  (6). 

Research  Approach 

The  research  approach,  as  shown  in  Figure  2.3,  was 
to  develop  a model  capable  of  utilizing  the  LIST  data  base 
to  identify  aircraft  equipment  items  for  reliability  improve- 
ment. A detailed  development  of  the  mathematical  model  is 
the  subject  of  Chapter  III.  The  model  was  computerized 
(FORTRAN  programming  language)  and  a listing  of  the  program 
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F'.esearch  Approach 


is  shown  in  Appendix  B.  The  program  was  authored  by 
Mr.  Thomas  0.  Meitzler  of  AFALD/XRSC. 

The  computer  program  was  executed  and  the  output 
provided  a listing,  by  aircraft  Mission  Design  Series  IMDS), 
of  the  computed  estimated  Total  Benefit-to- Investment  Ratios 
(TBTIR).2  This  listing  contained  only  the  WUC/NSis  cross- 
reference  items  from  the  LIST  data  base. 

An  analysis  of  the  output  was  conducted  to  isolate  a 
single  stock  class  of  items  to  facilitate  a more  manageable 
investigation.  The  1650  stock  class  of  items  was  chosen. 

The  program  was  processed  again  to  select  only  the  1650 
stock  class.  This  product  was  then  investigated  to  select  a 
sample  of  items  which  exhibited  the  highest  TBTIR  potential. 
These  items  were  then  discussed  with  personnel  assigned  to 
the  Engineering  and  Reliability  Branch  (MM1RA)  at  the 
Oklahoma  City  Air  Logistics  Center  (ALC).  The  researchers 
interviewed  six  equipment  specialists  and  two  engineers. 

The  duties  and  responsibilities  of  these  personnel  arc 
numerous.  Their  specific  responsibilities  which  impact  this 
research  arei 

(1)  Accomplish  modification  management  through 
deficiency  analyses,  modification  development,  obtaining 
approval  of  the  requirement  and  assembly  of  the  modifi- 
cation data  package  to  be  used  in  the  procurement  either 
from  contractor  or  USAF  resources  [ 13 j 5-53. 


2TBTIR  is  used  interchangeably  with  Return-on- 
Investment  (ROI). 


(2)  Identity  and  submit  reports  on  items  having,  a 
low  reliability  and  poor  performance i compute  logistics 
support  costs  due  to  substandard  items j Implement 
corrective  actions  where  justified  by  reliability  and 
performance  Increases  and  cost  amortization  time 
113.5-5], 

The  Information  provided  by  the  branch  personnel  was  used  to 
aid  In  the  evaluation  of  the  model  and  the  LIST  data  base. 

Summary 

This  chapter  presented  four  methods  of  introducing 
improved  equipment  into  the  active  aircraft  inventory.  These 
were.  (a)  Force  Modification!  lb)  Replace  on  Condemnation! 
(c)  Replace  or  Repair  at  Base;  (d)  Replace  on  Failure.  The 
mathematical  model  presented  in  the  next  chapter  evaluates 
data  under  lb),  (c),  and  (d)  to  provide  an  estimated  focal 
Benef it-to-Investment  Ratio.  \ description  of  the  current 
approaches  of  identifying  candidate  improvement  items  was 
presented.  The  data  source  for  this  research  was  the 
Logistic  Investment  Screening  Technique  ILIST)  which  was 
also  described  in  this  chapter.  Finally,  the  research 
approach  which  was  employed  to  utilize  the  LIST  data  and 
accomplish  the  research  objectives  was  described. 
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CHAPTER  111 


RETURN -ON - I NVESTMENT 


MATHEMATICAL  MODEL 


Introduction 


The  purpose  of  this  chapter  is  to  describe  the 


Return-on-Investment  Model  through  which  the  LlbT  data  was 


processed  to  ascertain  the  potential  return-on-investment 


the  Air  Force  might  realize  it  the  aircratt  equipment  items 


are  improved.  The  model  was  developed  under  the  guidance 


of  Mr.  Russell  M.  Genet  ol'  the  Air  Force  Acquisition 


Logistics  Division,  Air  Force  Logistics  Command  (AFLC/AFALD) 


at  Wright-Patterson  Air  Force  Base,  Ohio. 


Notation 


Three  subscripts  are  used  throughout  tne  model 


development.  These  subscripts  are  k,  s,  and  e.  The  ad- 


script k denotes  a fixed  constant  parameter  while  s denotes 


a parameter  that  varies  from  one  system  to  the  next.  The  e 


subscript  denotes  a parameter  that  may  vary  from  one  equip- 


ment item  to  the  next  on  a given  aircraft.  Two  functional 


notations  are  utilized.  One  denotes  a parameter  which  is  a 


function  of  time  ft),  the  other  denotes  an  integral  eval- 


uated between  t = 0 and  t = T and  is  denoted  IT) 


As  a first  step  in  constructing  the  model,  it  is 
necessary  to  consider  an  equipment  item  "e" , an  aircraft 
type  "s’*,  and  establish  what  the  remaining  life  demands 
would  be.  It  is  also  necessary  to  calculate  the  steady 
state  annual  flying  hours  per  aircraft.  The  equation  isi 


AFHPA, 


where » 

AFHPA  is  the  annual  flying  hours  per  aircraft, 
s 

AFFH  is  the  annual  fleet  flying  hours, 
s 

INVs  is  the  active  inventory. 

The  assumptions  that  must  be  made  in  this  calculation  are 

that  AFFH„  and  INV.  have  reached  a steady  state  value  and 
s s 

that  they  will  remain  unchanged  over  the  time  period  under 
investigation.  Since  this  time  period  is  often  the  remaining 
aircraft  life,  and  flying  hours  tend  to  taper  off  at  the  end 
of  the  life  (phase  out),  this  assumption  is  not  always  valid. 
First,  the  ratio  of  AFFH  /INV,,  should  remain  fairly  constant 
as  the  factors  tend  to  diminish  together.  The  effective 
remaining  life,  ERL0  is  defined  so  thati 

9 


^s  INV  (t)dt 
r 5 
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where » 

ERLg  is  the  effective  remaining,  lllc. 

INV  is  the  steady  state  inventory  over  the  main 
portion  of  the  life. 

ARLs  is  the  "actual"  remaining  life. 

The  result  of  the  above  is  to  square  off  the  tail  of  the 
graph  while  retaining  the  same  total  remaining  life  flying 
hours,  l.e.,  the  area  bounded  by  the  points  ABO  equals  the 
area  bounded  by  A1)C0  (see  Figure  3.1). 


Figure  3.1.  Effective  vs.  Actual  Remaining,  Li! 


The  next  step  is  to  del  Inc  the  demand  rate  ot  tin- 
old  equipment.  The  D04 1 supply  computation  program 
equation  1st 


1)R0„  - 


e “ AFFH  •~3PA 
s e 

TOO 


where i 


DRO  is  the  annual  demand  rate  of  the  old  item, 
e 

ADO  is  the  annual  demands  for  the  old  item, 
e 

AFFH  is  the  annual  fleet  flying  hours, 
s 

QPA  is  the  quantity  per  application. 


NOTE i The  product,  AFFH s • QPA0  gives  the  equipment 
flying  hours.  Thus  the  demand  rate,  DROe  as 
defined  by  the  D041  program  is  the  annual 
demands  per  100  equipment  flying  hours. 


Combining  Eqs  (1)  and  (3)  yields  the  annual  demands 


of  the  old  item,  ADO0i 


ADO  - 
e 


AFHPA_  • QPA_  • INV  • DRO 

S v 8 C 


where i 


All  terms  were  previously  defined. 


The  total  demands  over  the  remaining  life  for  the 
old  item  if  it  were  not  improved  1st 


TDO  - ADO  • ERL 
e e s 


where i 


TDO  is  the  total  demands  for  the  old  item, 
e 

ADO  is  the  annual  demands  for  the  old  item, 
e 

ERL  is  the  effective  remaining  life. 

9 
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Demand  Time  Constant 

The  replacement  policies  el  l ect  how  quickly,  in 
calendar  time,  the  old  item  is  replaced  by  the  new  improved 
reliability  item.  The  replacement  time  factor  is  also 
effected  by  the  reliability  of  the  old  item,  such  as  the 
assumed  failure  distribution,  and  the  amount  of  flying  hours 
accumulated. 

In  this  analysis  it  is  assumed  that  the  failure 
distribution  of  all  items  are  of  a "constant  nazard"  or 
"exponential"  form.  This  assumption  is  probably  valid  for 
electronic  type  equipment,  although  it  is  less  so  for 
mechanical  types  of  components  that  often  exhibit  a wearout, 
non-constant,  failure  mode.  While  it  wou.u  desirable  to 
wear  out  type  distributions  for  mechanical  items  (such  as 
the  Weibul  distribution),  the  data  to  estimate  the 
parameters  are  not  contained  in  the  data  base,  and  in  lnct 
are  not  generally  available  except  on  very  expensive  serial 
numbered  items  with  elapsed  time  indicators  (ETl),  suoh  as 
Jet  engines  and  inertial  navigation  units. 

The  first  step  in  calculating  the  demand  time 
constant  is  to  determine  the  failure  (hence  demand)  rate  of 
the  old  item.  As  time  progresses,  lewer  unimproved  items 
will  remain  in  the  inventory,  and  in  the  limit  as  t 
approaches  infinity  (t  -*  «),  there  will  be  none  at  all.  It 
would  be  expected  that  the  failure  (demand)  rate  of  the  old 
item  would  correspondingly  decrease  over  time,  if  this 


decrease  is  exponential,  them 


ADOe(t)  - Ke  • e 


-t/TC, 


where i 


ADO  (t)  is  the  annual  demands  (failure  rate)  of  the 

© 

old  item. 

Ke  is  a coefficient  derived  below. 

TC  is  the  time  constant,  derived  below. 

© 


when « 


t * 0,  e"c^TC  - 1.0,  ADO(t)  will  then  equal  the  annual 
demand  rate  if  no  improved  item  had  been  introduced 
(see  Eq  (4)). 


Thus  i 


AFHPA „ • QPAa  • INV  • DRO 

Q G g © 


For  the  replacement  policy  of  replacing  all  old 
items  with  new  items  upon  failure  of  the  old  items,  the 
time  constant  isi 


TCe  " 


MFHBDe 
AFHPA „ 


where i 


1C„  is  the  time  constant, 
e 

MFHBD  is  the  mean  equipment  flying  hours  between  demand. 
© 

AFHPA s is  the  annual  flying  hours  per  aircraft. 
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The  mean  equipment  flying  hours  between  demand  is» 


AKFH_ 

•"W".  - -ado;  l9) 


where i 

MFHBDe  is  the  mean  equipment  flying  hours  between  demand. 

AFFH  Is  the  annual  fleet  flying  hours. 

ADO  is  the  annual  demands  of  the  old  item  l no  new 
items  introduced). 


Substituting  AFHPAy  • INVs  for  AFFH  , Eq  (4)  for 

ADO  , and  simplifying  yields s 
© 


MFHBD 


100  _ 

Di<0  • QPA^ 
e e 


(10) 


For  the  replace  on  condemnation  and  the  replace  in 
lieu  of  depot  repair  policies,  the  time  constant  will 
increase  because  of  the  increased  time  to  replace  the  c-ld 
items.  For  these  policLes,  only  u fraction  f die  itt.js 
are  replaced.  Thus  a replacement  fraction  must  be  calculated 
for  each  policy.  This  calculation  will  be  developed  in  i in- 
next  section. 

Utilizing  Eqs  (6)  through  (10),  it  can  now  be  stated 
that  the  annual  demand  (failure)  rate  of  the  old  item  is» 


AFHPA 

ADOe(t)  - DROe  • -jgg-*  • QFAe  • lNVfi 


-t/TC 


e 


(ID 


Jj 


• e 


and  i 


MFHBOf 

~^e~ 

AFHPA. 


where » 


ADO  Is  the  annual  demands  for  the  old  items, 
e 

DRO^  is  the  annual  demand  rate  of  the  old  Item, 
e 

AFHPA  is  the  annual  flying  hours  per  aircraft, 
s 

QPA.  is  the  quantity  per  application. 

INVg  is  the  active  inventory. 

TC  is  the  time  constant, 
e 

MFHBD  is  the  mean  equipment  flying  hours  between 
© 

demand. 

RFp  is  the  replacement  fraction  to  be  developed  in  the 
next  section. 


The  number  of  old  equipment  items  installed  in  the 
aircraft  inventory  at  any  point  in  time  is« 


NOEle(t)  - QPAelNVs  e 


-t/TC 


where « 


NOEIe  is  the  number  of  old  equipment  items. 
QPAe  is  the  quantity  per  application. 

INV9  is  the  active  inventory. 

TCe  is  the  time  constant. 
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Removal  From 
Aircral  t 


Flight  Line 


PRTS 


Base  Condemnation 


Depot  Repair 


Depot  Condemnation 


Figure  3.2.  Flow  Diagram 


Defective  equipment  items  are  removed  from  the  air- 
craft on  the  flight  line  when  the  malfunction  is  detected  by 
maintenance  personnel  or  the  malfunction  is  properly  anno- 
tated on  maintenance  forms  by  aircrew  personnel.  At  the 
base  level  the  items  can  be  processed  in  one  of  three  ways. 
First,  the  defective  equipment  can  be  repaired  in  the  base 
maintenance  shop  and  returned  either  to  the  aircraft  or  to 


supply  as  appropriate.  Secondly,  depending  on  the  Expend- 
ability,  Recoverability,  Repairablllty , Category  Code  (ERRC) 
which  determines  if  the  base  has  condemnation  authority  for 
the  item  (ERRC  XB  or  XF)  and  the  item  is  determined  to  be 
beyond  repair,  it  can  be  condemned  and  a new  item  drawn 
from  supply.  Third,  the  spare  can  be  shipped  to  the  depot 
(ERRC  XD)  for  either  repair  or  condemnation  as  appropriate. 


Bench  Check 

1 

1 

r • ^ TOM 

The  ERRC  is  a code,  che  first  position  of  which  is 
the  expendabil ity  position!  an  'X'  indicates  expendable  and 
indicates  that  the  item  looses  its  identity  in  use  or  is 
consumed  in  use.  A first  position  of  • i\  * Indicates  non- 
expendable, items  do  not  loose  their  identity  in  use.  The 
second  position  can  be  a 'B',  *F'  or  *D’  and  indicates  the 
highest  level  of  repair/ condemnation  authority!  a 'B'  indi- 
cates base  or  user  level,  'F'  means  field  level  (i.e.,  base 
maintenance  shop),  and  a 'D'  means  depot  level  authority. 

The  third  position  of  the  ERRC  at  one  time  had  a dollar  value 
meaning  but  has  in  recent  years  lost  its  importance.  If  an 
item  has  an  ERRC  of  XB3  it  is  expendable  and  can  be 
condemned/repatred  at  base  (user)  level.  An  5 tern  with 
ERRC  XF3  is  expendable  and  repaired/condemnod  at  field  level 
(i.e.,  the  maintenance  shop  on  base  with  repair /condemnation 
capability).  An  XD2  item  is  expendable  and  is  repairable  at 
base,  field  and  depot  levels  but  may  only  be  condemned  at 
the  depot  level.  An  NF2  item  is  non-expendable  and  bn  .g  or 
field  repairable  and  field  condemnable. 

The  figure  also  depicts  the  percentages  of  base/ 
depot  condemnation  rates  and  base/depot  repair  rates.  .bus 
for  the  bases 

PBCr  + PNRTSc  + PRTSe  = 100  (lt>) 
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wh^r^i 

PBC  is  the  percent  base  condemnation. 

* " 

PNRTSe  la  the  percent  not  repairable  this  station  (base). 

FRTSp  la  the  percent  repairable  this  station  (at  the 
base). 

Since  PRTS^  Is  not  an  element  of  the  LIST  data  base, 
e 

it  must  be  calculated  thuslyi 


PRTS„  - 100  - PBC  - PNRTS_  (17) 

6 C “ 


For  the  depot  branching  depicted  in  Figure  3.2,  the 
percentages  arei 

PDC  ♦ PDR  « 100  (IS) 

where i 

PDC  is  the  percent  depot  condemnation. 

© 

PDRe  Is  the  percent  depot  repair. 

Since  PDR  is  not  contained  In  the  data  base,  it  must  be 
e 

calculated. 

PDR  - 100  - PDC  (19) 

© “ 

The  replacement  fraction  for  each  replacement  policy 
can  now  be  defined.  It  is  the  fraction  of  items  replaced 
per  removal  from  the  aircraft. 

In  the  natural  attrition  case,  replacement  is  made 


only  through  base  or  depot  level  condemnation  action.  This 
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fraction  Ls» 


RF(NA) 


PBC  . PNRTS 

TOO  + "W 


PDC 

TOO 


(20) 


where i 

RF(NA)  is  the  replacement  fraction  given  a replacement 
policy  of  natural  attrition  and  the  other  terms  as 
previously  defined. 


If  the  natural  attrition  rate  is  quickened  by  also 
replacing  the  old  item  when  it  would  have  normally  received 
depot  repair,  then  the  replacement  fraction  isi 


RF(CODR) 


PbC  , PNRTS 

= TOO  + ~Tocr 


(21) 


where « 

RF(CODR)  is  the  replacement  fraction  for  a replacement 
policy  of  condemnation  or  depot  repair,  other  terms 
as  previously  defined. 

Finally,  for  the  replace  on  failure  policy,  all 
items  are  replaced  on  failure  without  regard  for  i ormal 
repair/condemnation  processing.  Thus,  the  replacement 
factor  for  replace  on  failure  is» 

RF(ROF)  =1.0  (22) 

Total  Demands 


2 

1 


I 


Having  previously  established  the  annual  demand 
rates  as  a function  of  time,  t,  for  the  old  and  new  (improved 
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simplified i 


TJX)  (T) 


URO 

TOT  • INVs  * <^PAe 


(26) 


where » 

TDOe(T)  is  the  total  demands  for  the  old  item  in  time 
period  T. 

DROe  is  the  annual  demand  rate  of  the  old  item. 

AFHPA  is  the  annual  flying  hours  per  aircraft. 

5 

INVg  is  the  active  inventory. 

QPAg  is  the  quantity  per  application. 

TCe  is  the  time  constant. 

RFg  is  the  replacement  fraction. 


and  i 


TDN_(l) 

6 


DRh 

TOT  * AFHPAs  * 3PAe 


-T/TC  , -) 

TCeje 

(27) 


simplifying! 


DRN 

IDNe(I>  ’ TOT  ' «PAe 


*28) 


wherei 

IDNe(T)  is  the  total  demands  for  the  new  item  in  time 
period  T. 

DRNe  is  the  demand  rate  of  the  new  item. 


41 


AFltPAs  ts  the  annual  flying  hours  per  alrci'aft. 

AFFH  Is  the  annual  fleet  flying  hours,  other  items 
s 

recently  defined. 


Cost  per  Demand 

Knowing  the  total  demands,  the  cost  savings  can  be 
calculated  if  the  average  cost  per  demand  for  the  new  and 
old  items  is  Known.  The  average  cost  per  demand  lor  the  new 
item  does  not  vary  from  one  replacement  policy  to  the  next 
since  a policy  other  than  natural  attrition  is  applied  only 
to  the  old  items  to  accelerate  replacement.  Thus  the  air- 
craft cost  per  demand  for  the  old  item  depends  on  the 
replacement  policy,  therefore  it  is  necessary  to  develop  an 
equation  for  each  policy. 

Before  the  equations  are  developed,  it  is  necessary 
to  develop  the  basic  cost  for  each  possible  action.  These 
possible  actions  are  depicted  in  Figure  3.2  and  are  summa- 
rized here  for  continuity.  The  possible  actions  are« 

(l)  Base  condemnation)  (2)  Base  repair)  (3)  Depot  condem- 
nation) and  (4)  Depot  repair. 

The  condemnation  case  is  the  easiest  to  formulate, 
stnee  the  condemned  item  is  replaced  with  the  new  item  at  a 
cost  of  its  unit  price,  thusi 


CPBC  - Cl'DC  - UPh 
“ “ “ 


where i 

CPBCe  is  the  cost  per  base  condemnation. 

CPDCq  is  the  cost  per  depot  condemnation. 

UPNe  is  the  unit  price  of  the  new  item. 

Depot  repairs  are  presented  in  an  equally  simplistic 
manner  since  the  cost  per  average  repair  is  known,  thusi 

CPDR  = URC  (30) 

where i 

CPDR^  is  the  cost  per  depot  repair. 

URCe  is  the  unit  repair  cost  for  the  new  or  old  item 
as  appropriate. 

For  flight  line  removal,  (repair,  reinstallation, 
etc.)  the  total  annual  unscheduled  maintenance  manhours  and 
the  labor  rate  factors  are  known- -D056j 

ANNUAL  COST  UMMH  • BLR. 

CPAR  = ANNUAL  DEMANDS  = DRO~  ( 

e e 

where i 

CPAR  is  the  cost  per  flight  line  action. 

UMMH  is  the  annual  unscheduled  maintenance  manhours, 
e 

BLR^  is  the  base  labor  rate  ($14. 00/hour)  (9iIV-6). 

DROe  is  the  annual  demands  (see  Eq  (3)). 
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Similar  reasoning  can  be  applied  to  the  base  repair 
case,  thus< 

ANNUAL  COSTe  SRHp  BLRR 

CPBRe  “ ANNUAL  DEMANDS.  “ PRO,  PRTS  (32) 

e e iuir 

where i 

CPBRg  is  the  average  cost  per  base  repair. 

SRHe  is  the  annual  shop  repair  hours. 

PRTS  is  percent  repaired  this  station  (at  the  base). 

All  other  terms  recently  identified. 

The  average  cost  per  demand  for  each  of  the  three 
replacement  policies  then  is  computed  by  multiplying  the 
cost  of  each  action  by  the  fraction  of  time  that  particular 
action  occurs  on  the  average. 

Having  established  the  cost  for  each  action,  and 
having  previously  established  the  flow  of  items  for  each 
replacement  policy,  it  is  now  possible  to  combine  the  two 
to  obtain  an  average  cost  per  demand  for  each  function. 

The  equation  for  flight  line  cost  per  demand  is« 

CPDFL-,  - CPFLA  • PLOW  - CPPIA  *1.0  (3J) 

where » 

CPDFL„  is  the  cost  per  demand,  flight  line. 

© 

CPFLAe  is  the  cost  per  flight  line  action. 
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FLOWe  is  the  fraction  of  units  receiving  this  action 
(1.0  in  this  case). 


The  cost  of  base  condemnation  per  demand  can  be 


determined  byi 


CBDBCe  = CPBCe  - -jgf  - UPlNe  • 


where i 


CBDBCe  is  the  cost  per  demand,  base  condemnation. 

CPBCe  is  the  cost  per  base  condemnation. 

PBC0  is  the  percent  base  condemnation. 

UPN  is  the  unit  price  of  the  new  item, 
e 


The  cost  per  demand  for  oase  repair  is» 


CPDBRe  = CPDbRe 


SR1Ic  BLRr  SRH0  BLRR 

npn  PRTB  = " “DRO” 
DROe  *W  e 


where i 


CPDBRe  is  the  cost  per  demand,  base  repair. 
PRTS  is  the  percent  repaired  this  station. 
SRH0  is  the  annual  shop  repair  hours. 

BLRr  is  the  base  labor  rate. 

DRO0  is  the  annual  demands. 


The  cost  per  demand  for  depot  condemnation  isi 


PNRTS  PDC 

C t 


CPl)DCe  - CPDCe  . -yjyy  = UPN0  • * -flRy 


PNRTbe  PDCe 


where i 


CPDDC  is  che  cost  per  demand,  depot  condemnation. 

CPDC  is  the  cost  per  depot  condemnation. 

PNRTS  is  the  percent  not  repaired  this  station. 

PDCe  is  the  percent  depot  condemnation. 

UPN  is  the  unit  price  of  the  new  item, 
e 

The  cost  per  demand  for  the  depot  repair  isi 


PNRTS  I PDC  \ 

CPDDRe  = CPDRe  • * I 1 " URT  | 

PNRTS  I PDC 

* URCe  * ' W“  * | 1 ‘ 


(37) 


where i 

CPDDRe  is  the  cost  per  demand,  depot  repair. 

CPDRe  is  the  cost  per  depot  repair. 

URCq  is  the  unit  repair  cost,  other  terms  recently 
defined. 

For  all  new  items,  since  they  are  not  affected  by 
replacement  policies,  the  average  cost  per  demand  isi 

CPDN  - CPDFL-  CPDBC  + CFDBR  + CPDDC  + CPDDR  (38) 

C c 6 " “ “ 

where i 

CPDN^  is  the  average  cost  per  demand  for  a new  item. 

© 

CPDFL  is  the  cost  per  demand,  flight  line. 

© 


I 
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CPDBCe 

e 

is 

the 

cost 

per 

demand. 

base  condemnation. 

cpdbrq 

e 

is 

the 

cost 

per 

demand, 

base  repair. 

CPDDC 

e 

is 

the 

cost 

per 

demand , 

depot  condemnation 

CPDDR^ 

e 

is 

the 

cost 

per 

demand , 

depot  repair. 

The  average  cost  per  demand  for  the  old  Item  depends 
on  the  replacement  policy.  The  three  cost  equations  for  the 
alternative  replacement  policies  follows 

For  natural  attrition,  the  formula  isi 


CPDC)  » CPDFL  + CPDBC  + CPDBR  + CPDDC  + CPUDR  (J9) 

“ C “ G 0 c 


where i 


CPDOe  is  the  cost  per  average  demand  for  the  old  item, 
other  terras  defined  above. 


For  the  natural  attrition  plus  condemnation  of  items 
that  would  have  received  depot  repair,  the  equation  isi 


TARTS 


CPDOe  = CPDFLe  + CPDBCe  + CPUBR^  + 'TffQ"  * UPN  (40) 


where « 

All  terms  are  defined  above. 

Finally,  for  the  replacement  policy  of  condemnation 
on  failure,  the  equation  isi 


CPDOe  = CFDFLe  + UPNe 


where » 


All  terns  are  defined  previously. 


Benef it-to-Investment  Ratio 


Having  calculated  the  total  demands  for  the  old  and 
new  items  and  the  cost  per  average  demand  for  each  replace- 
ment policy,  the  cost  to  replace  the  old  item  and  support 
the  new  items  can  be  determined  thuslyi 


CRO(T)  * TDO(T)  • CPDO 
“ “ 6 


where i 


CROe(T)  is  the  cost  to  replace  the  old  item. 

TDO  (T)  is  the  total  demands  for  the  old  item, 
e 

CPDOe  is  the  average  cost  per  demand  for  the  old  item 
and  the  cost  of  the  new  item  can  be  determined 
similarly i 


CSN_(T)  - TON  (T)  • CPDNd 

c 0 c 


where# 

CSNe(T)  is  the  cost  to  support  the  new  item. 

TONe(T)  is  the  total  demands  for  the  new  item. 

CPDNe  is  the  average  cost  per  demand  for  the  new  item. 

The  cost  for  time  period  T to  support  the  old  item 
if  it  had  not  been  replaced  by  the  new  item  isi 


COSTO  (T ) « AD0o  • CPDO  T 

" c 6 
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where i 


COSTOe(T)  is  the  cost  to  support  the  old  item  if  it  had 
not  been  replaced  with  the  new  item. 

ADO  is  the  annual  demands  for  the  old  item, 
e 

CPDOe(T)  is  the  cost  per  average  demand  for  the  old  item 
with  natural  attrition. 

I is  the  time  period. 

The  cost  for  time  period  T if  the  old  item  is 
replaced  with  the  new  improved  reliability  model  isi 

COSTN  (T)  = CRO  ( T ) • Ci>N_(T)  (45) 

e e e 

where i 

COSTNe(T)  is  the  support  cost  if  the  old  item  is  replaced 
with  the  new  item. 

CROe(T)  is  the  cost  to  replace  the  old  item. 

CSNe(T)  is  the  cost  to  support  the  new  item. 

ISote  that  COSTNe(T ) will  necessarily  be  different  for  each 

replacement  policy. 

Availability  Benefits 

The  basic  model  and  screening  assumptions  described 
earlier  only  consider  benefits  related  to  reduced  support 
costs.  If,  however,  an  item  has,  when  it  failed,  been 
causing  aircraft  to  be  grounded  for  maintenance,  then 
improving  the  reliability  would  reduce  the  number  of 
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failures,  and  this  should  proportionately  reduce  the  average 
time  the  aircraft  is  grounded  for  maintenance  on  this  item. 

Failures,  in  turn  are  proportional  to  demands  (in 
most  cases  equal  demands).  Thus  by  considering  the  total 
demands  over  the  remaining  life  with  the  improved  spare 
versus  the  unimproved  spare,  the  degree  to  which  the  avail- 
ability improves  can  be  assessed.  It  is,  in  fact,  the  ratio 
of  the  number  of  fewer  demands  caused  by  improvement  to  the 
demands  had  there  been  no  improvement. 

Mathematically  this  is  stated  asi 

TDO  (T)  - TDh  (T) 

AIFe(T)  = — ~ iDOe(U  (46) 

where i 

AIFe  is  the  availability  improvement  factor. 

TDO^  is  the  total  demands  for  the  old  item. 

TDh  is  the  total  demands  for  the  new  item, 
e 

(T)  indicates  total  life. 

To  determine  the  benefit  due  to  increased  avail- 
ability, we  simply  multiply  the  availability  improvement 
factor  times  the  value  of  aircraft  held  down  for  maintenance 
due  to  this  item  prior  to  improvement. 

OBe(T)  - AIFe(T)  • VDACe  (47) 


k 


50 


where i 


0Be  ts  other  benefits  (see  Eq  (50)). 

AIFe  Is  the  availability  improvement  factor. 

Vi)AC_  is  the  value  of  down  aircraft, 
c 

To  calculate  the  value  of  aircraft  down  due  to  the 
item,  the  fraction  of  the  time  spent  down  due  to  this  item 
is  the  ratio  of  down  time  to  hours  possessed.  This  times 
the  number  of  aircraft  in  the  inventory  gives  the  number  of 
aircraft  down  due  to  this  item.  The  unit  price  of  the  air- 
craft is  then  assumed  to  be  the  value  of  one  down  aircraft. 


HP;  ' IrtVs  ^e 


where i 


VDAC  is  the  value  of  the  downed  aircraft, 
e 

DT  is  aircraft  downtime  in  hours, 
e 

INVS  is  inventory  of  aircraft. 

UPe  is  unit  price  of  the  item. 


The  gross  savings  then  is  the  difference  in  cost 
between  not  implementing  and  implementing  the  improved 


reliability  spare,  thus* 


GS(T)  « COSTO(T)  - COSTMT) 


where i 


G5>(T)  is  the  gross  savings j other  terms  defined  above. 


The  (gross)  benefit  to  investment  ratio  is  them 


k 


<4 


1 

i 


BTIRe(T) 


GSe(T)  + OBe(T) 
INVEST^ 


where i 

GSe  is  gross  savings. 

BTIRe(T)  is  the  benefit  to  investment  ratio. 
OB  (T)  is  any  other  benefits. 

INVEST^  is  the  estimated  investment. 


(50) 


This  concludes  the  development  of  the  development  of 
the  basic  return  on  investment  model. 


Screening  Assumptions 

If  the  basic  model,  described  in  the  previous 
sections  of  this  chapter,  is  used  to  estimate  returns  on 
investments  (benefit  to  investment  ratios)  on  a small  number 
of  items,  then  individual  engineering  estimates  on  the 
reliability,  unit  price,  and  benefit  of  the  new,  improved 
item  would  be  available  and  could  be  used  directly  in  the 
model . 

If,  on  the  other  hand,  we  wish  to  use  the  basic 
model  in  a computerized  screening  process,  then  no  engi- 
neering estimate  for  improved  items  would  be  available,  and 
some  assumptions  would  have  to  be  made  regarding  the  new 
factors. 
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The  first  assumption  required  concerns  the  degree  of 
reliability  improvement.  If  the  reliability  improvement 
factor  is  defined  asi 


where  j 


Rll'k  is  the  reliability  improvement  factor. 
RNe  is  the  new  improved  reliability. 

R0e  is  the  old  reliability. 


If  the  demand  rate  is  assumed  to  be  inversely 
proportional  to  reliability,  chen« 


where i 

DR  IV  is  the  demand  rate  for  the  new  improved  item. 

© 

RIF^  is  the  reliability  improvement  factor. 

DRCT  is  the  demand  rate  for  the  old  item. 

e 

Similarly,  some  assumptions  need  to  be  made  regarding 
the  unit  price  of  the  new  item,  the  base  and  depot  condem- 
nation percentage,  and  the  average  cost  per  shop  and  depot 
repair.  Recognizing  that  for  the  new  items,  no  valid  esti- 
mates of  these  values  are  available,  the  assumption  incor- 
porated into  the  model  is  that  the  values  of  the  new  equals 
the  old. 
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Finally,  some  estimate  must  be  made  of  the  required 
investment.  Generally,  it  is  more  expensive  to  redesign  and 
test  a high  priced  item  to  achieve  improved  reliability, 
than  it  is  to  achieve  the  same  degree  of  improvement  for  a 
lov  cost  item.  Thus  we  might  assume  that  investment  is 
proportional  to  the  unit  price,  thusi 


INVESTe  ■ INVTk  • UPe 


where i 


INVESTe  is  the  investment. 

INVTk  is  the  proportionality  constant. 
UPe  is  the  unit  price. 


Summary 

This  chapter  has  presented  the  development  of  the 
mathematical  model.  In  Chapter  IV  the  discussion  will  focus 
on  the  results  of  model  application.  Chapter  V presents  the 
conclusions  and  recommendations  of  the  research  effort. 


1 

1 


threshold  was  set  at  five  resulting  In  a listing  containing 

those  Items,  by  aircraft,  having  a computed  TBTIR  of  greater 
3 

than  five.  This  threshold  was  set  at  five  to  obtain  a 
representative  sample  of  the  cross-referenced  Items,  to 
reduce  the  size  of  the  output,  and  to  eliminate  those  Items 
with  lower  than  a five  to  one  potential  TBTIR.  This  thres- 
hold Is  easily  changed  in  the  program  so  tliat  varying  sample 
sizes  of  output  can  be  obtained  as  desired.  A sample  of  the 
model  output  generated  is  presented  In  Figure  4.1. 

The  column  headings  are  generally  self-explanatory 
and  equations  for  computing  the  resultant  data  were 
explained  in  Chapter  III.  The  INDEX  columns  represents  the 
support  (SUP)  benefit-to-investment  ratio.  The  total  (TOT) 
represents  the  computed  total  benefit-to-investment  ratio 
(TBTIR).  The  column  labeled  RET  POL  represents  the  replace- 
ment policy.  The  number  listed  in  this  column  corresponds 
to  the  replacement  policy  with  the  highest  TBTIR.  A 
number  1 in  this  column  represents  the  normal  attrition  or 
replace-on-condemnatlon  policy.  A number  2 represents  the 
policy  of  repair  or  replace  at  the  base,  and  a number  3 
represents  the  replace-on-failure  case.  These  policies  were 
explained  previously  in  Chapter  It. 


Previous  experimentation  with  this  factor  oy  the 
researchers  was  a prime  determinant  in  the  value  of  the 
TBTIR  threshold  parameter  utilized. 
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An  analysis  of  the  Initial  screening  revealed  numer- 
ous examples  of  high  potential  benef it-to-investment  ratios. 
As  the  researchers  expected,  a number  of  high  potential 
benefit  avionics,  engine,  and  airframe  components  were 
represented.  Also  it  was  observed  that  a great  number  of 
1650  stock  class  items  such  as  valves  and  actuators  were 
identified  in  the  output  as  high  potential  return-on 
investment  candidates.  Therefore,  the  1650  stock  class  was 
chosen  for  further  investigation.  This  narrowed  the  scope 
and  limited  the  investigation  to  one  AFLC  depot,  Oklahoma 
City  Air  Logistics  Center  (OCALC),  and  to  one  stock  class 
(1650). 

The  next  step  was  to  execute  the  computer  program  on 
only  the  1650  stock  class,  again  at  a TBTIR  threshold  of 
five.  An  example  of  this  output  is  presented  in  Figure  4.2. 

The  1650  computer  product  contained  approximately 
333  WUC/NSN  combinations  ranging  from  5.3  to  2170.7  TBTIR. 
Because  one  stock  number  often  has  several  applications 
within  one  aircraft  and  applications  on  more  than  one  air- 
craft, the  list  was  reexamined.  This  revealed  that  the 
list  contained  220  individual  1650  class  National  Stock 
Numbers  (NSN).  This  listing  was  further  studied  and  select 
items  with  a large  TBTIR  were  identified  for  additional 
study  and  analyses.  These  items  are  presented  in  Table  4.1. 
To  evaluate  the  accuracy,  potential  usefulness,  and  areas 
for  model /data  improvement,  selected  candidates  in  the 
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Figure  &.2.  Example  Output- - 1650  Stock  Class 


Items  Identified  For  Detailed  Analysis 
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Table  4.1  (continued) 
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' WbC  with  a relatively  high  number  of  primary  NSN  occurrences. 


1650  stock  class  were  discussed  with  Equipment  Specialists 
(ES)  at  the  Oklahoma  City  Air  Logistics  Center  (ALC). 

Results  of  Selected  Items  Investigation 


The  analyses  presented  in  this  section  are  the 
results  of  interviews  with  selected  equipment  specialists  at 
the  OCALC.  Five  of  the  WUC/NSN  combinations  from  Table  4.1 
are  discussed  as  illustrations.  These  items  are  presented 
because  they  represent  a wide  range  of  concerns.  For 
example,  some  of  the  items  showed  high  TBTIR,  but  they  were 
not  seen  as  problems  by  the  equipment  specialists.  Others 
on  the  list  were  acknowledged  by  equipment  specialists  as 
being  problem  items.  The  five  items  selected  for  discussion 
arei  1650005708397,  Valve  Assembly;  1650005115267,  Boom 
Telescoping  Valve;  1650006408486,  Accumulator;  1650010224922, 
Filter;  and  1650000053695,  Drive  Transmission. 

1650005708397--Valve  assembly.  Based  on  the 
assumptions  in  the  model,  the  estimated  ROI  is  201.9.  The 
equipment  specialist  indicated  that  this  item  is  not  con- 
sidered a problem  item.  The  depot  condemnation  rate  is 
two  percent  and  the  service  life  is  6000  hours.  However, 
the  unit  price  is  given  as  $99.88  and  the  unit  repair  cost 
is  $101.77;  therefore,  the  Air  Force  is  spending  more  to 
repair  the  item  than  it  orginally  cost. 


The  D056  data  indicates  that,  during  the  period  of 


the  data,  a total  of  4847.7  maintenance  manhours  were 
expended  on  this  item.  Also  3284  maintenance  actions  were 
recorded  against  it.  The  IROS-LSC  was  $22,227  for  the 
period  of  data. 

The  combination  of  these  factors  led  the  researchers 
to  the  conclusion  that  this  item  should  be  a candidate  for 
reliability  improvement  engineering  investigation  even 
though  the  equipment  specialist  does  not  see  it  as  a problem 
from  his  perspective. 

16500051 1526 7- -Boom  telescoping  valve.  The  esti- 
mated R01  for  this  item,  as  computed  by  the  model,  is  12.3. 
This  value,  when  compared  to  some  of  the  other  kOI's  in  the 
K.C-135A  section  of  the  output,  is  relatively  small.  The 
depot  condemnation  rate  was  53  percent  for  the  period  of  the 
data.  The  equipment  specialist  indicated  that  this  item  has 
been  a subject  of  concern  for  some  time.  He  stated  that  the 
problem  was  case  failure.  Over  the  last  five  years  three 
engineering  studies  have  been  conducted  to  determine  the 
cause  of  the  failures.  These  studies  have  failed  to 
recommend  adequate  corrective  measures. 

This  item  was  not  repairable  at  the  base  73  percent 
of  the  time.  The  depot  condemnation  rate  was  53  percent. 
There  were  151  failures  reported  and  these  failures  caused 
2947  maintenance  manhours  to  be  expended.  The  K.C-135A 
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aircraft  was  not  capable  of  mission  performance  for  4730 
hours  of  the  data  period.  These  data  appear  to  support  the 
concerns  of  the  equipment  specialist. 


1650006408486 - -Accumulator.  As  illustrated  in 
Table  4.1,  this  item  has  seven  applications  on  four  weapon 
systems  that  are  in  the  data  base.  In  addition,  this  item 
has  applications  on  23  other  systems  that  are  not  included 
in  the  data  base. 

The  model  computed  ROI  ranges  from  9.8  to  302.1.  On 
the  KC-135A,  WUC  13CBM,  the  total  number  of  maintenance 
actions  for  the  period  was  908,  the  maintenance  manhours 
was  3117,  and  the  IROS-LSC  was  14,853.  On  the  same  aircraft 
WUC  14BJC  accounted  for  5404.2  maintenance  manhours, 

1031  maintenance  actions  and  26,461  in  LSC.  The  depot 
condemnation  rate  is  15  percent  for  this  item.  The  average 
number  of  items  installed  on  the  27  aircraft  for  the  1977 
calendar  year  was  1936.  With  this  many  accumulators  installed, 
it  is  evident  that  any  improvement  in  the  reliability  of  the 
item  would  be  a welcome  and  beneficial  undertaking. 


1650010224922- -Filter.  This  filter  appeared  in  the 
output  product  on  the  following  aircraft  under  various  Work 
Unit  Codes.  C130A,  C130B,  C130E,  F4C,  F4D,  F4E.  This 
indicates  that  the  filter  is  a common  item  with  many  appli- 
cations. Since  it  is  an  EOQ  item,  no  U041  data  was  available 
at  OCALC.  An  equipment  specialist  did,  however,  show  the 
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researchers  a Military-Standard  drawing  of  the  item  and 
explained  that  the  filter  is  a common  air  filter.  In  this 
case  a reliability  improvement  investigation  as  such  may  not 
be  appropriate.  This  $18.00  item  is  performing  its  task 
satisfactorily.  Unless  a technological  breakthrough  reveals 
new,  more  reliable  methods  of  filtration,  we  will  have  to 
live  with  the  maintenance  of  frequent  inspection  and 
periodic  replacement  of  such  items. 

1650000053695 --Drive  transmission.  This  item  is  a 
constant  speed  drive  (CSD)  which  is  an  expensive  equipment 
item  which  converts  varying  engine  speeds  to  a constant  out- 
put speed.  This  constant  output  speed  is  required  to  drive 
the  generator  which  produces  400  Hz  electrical  power  to 
operate  aircraft  electrical  systems  (15*7).  CsD  managed  by 
OCALC  are  applicable  to  19  configurations,  21  aircraft 
applications  (10  fighters,  five  cargo,  and  six  bombers)  and 
have  a total  inventory  value  of  $236,000,000.  They  consume 
approximately  200,000  overhaul  manhours  annually,  lor  these 
reasons,  CSDs  are  the  subject  of  a special  project!  Constant 
Speed  Drive,  Deep  Look  Program  [CSD/DLP]  (15»9). 

This  particular  CSD  is  of  interest  because  it  is  the 
subject  of  an  Unsolicited  Value  Engineering  Change  Proposal 
(ECP ) number  34309B-R2  submitted  by  Sunstrand  Corporation  of 
Rockford,  Illinois.  The  ECP  recommends  an  engineering 
change  to  the  P.  D.  Spline  Shaft  to  provide  a "wet  pad" 
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lubrication  system  to  increase  the  efficiency  and  effec- 
tiveness of  the  lubrication  of  the  spline.  The  results  of 
incorporating  this  change  will  reduce  the  incidence  of 
spline  wear,  reducing  the  number  of  spline  replacements 
required,  thereby  improving  the  reliability  of  the  CSD.  The 
Sunstrand  Corporation  estimates  that  the  average  annual 
savings  to  the  USAF  would  be  $1,838,953,  and  the  implemen- 
tation costs  would  be  $400,240,  a TBTIR  of  4.59/1  for  a one 
year  period  ( 12 i 10-11).  The  extension  of  these  savings  over 
the  remaining  life  of  the  F4  aircraft  models  to  which  it  is 
applicable  yields  a remaining  life  savings  of  $31,262,201 
(17  year  effective  remaining  life  (ERL))  calculated  as 
shown  in  Chapter  III. 

The  model  computes  TBTIRs  for  those  WUC/NSN  combi- 
nations with  the  most  number  of  Master  Stock  Number 
occurrences  from  10.2  to  26.6.  This  is  the  estimated  TBTIR 
over  the  remaining  life  calculated  in  the  model  under  the 
assumptions  explained  in  Chapter  III.  The  contractor’s  ERL 
TBTIR  indicated  an  estimated  ratio  of  78.1  to  1.  since  the 
computations  are  figured  utilizing  the  factors  on  a partic- 
ular WUC/NSN  cross-reference,  the  TBTIRs  can  be  summed  to 
obtain  a total  TBTIR  for  the  NSh  on  that  particular  scries 
of  aircraft  (in  this  case  the  F4  series).  When  you  total 
the  high  primary  Master  Stock  occurrence  WUC's  TBTIRs,  the 
result  is  a total  TBTIR  of  53.3  (10.2  + 16.5  26.6).  Since 

Sunstrand' s estimated  savings  and  investments  are  based  on 
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engineering  estimates  of  parts,  labor,  and  documentation 
charge  costs,  his  estimates  are  probably  more  realistic  than 
the  model's  estimate.  Since  the  primary  emphasis  of  this 
research  effort  is  to  develop  and  evaluate  a generalized 
model  for  the  identification  of  candidates  for  further 
investigation,  the  model’s  results  compare  favorably  to 
those  of  the  Sunstrand  Corporation.  Furthermore,  an  EOF 
requires  many  manhours  in  preparation  and  car;  cost  thousands 
of  dollars  to  prepare.  On  the  other  hand,  the  process  by 
which  the  model  identified  this  CSD  can  be  accomplished  with 
a relatively  small  amount  of  computer  time  and  manhour 
expenditures. 

False  candidate  identification,  borne  items  in  the 
data  base  receive  a high  number  of  maintenance  actions  due 
to  various  inspection  and/or  mandatory  time  change  require- 
ments. These  mandatory  time  change  items  are  often  safety 
related  items  and  for  that  reason  alone  are  inspected  and 
replaced  at  shorter  time  intervals  than  other  non-time 
change  items. 

For  example,  on  the  T38A  NSI\  1650001136912,  WUC 
4511B,  Bellows,  is  a safety  related  time  change  item.  It  is 
mandatory  to  change  it  at  1200  hours  operation.  The  unit 
price  is  $20.00  and  it  is  not  considered  a problem  item  by 
the  ALC  equipment  specialist.  The  algorithm  computed  the 
TBT1R  to  be  70.3.  Since  the  large  number  of  actions  are 
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not  directly  related  to  reliability,  but  to  scheduled 
replacement,  improving  the  reliability  would  not  be  bene- 
ficial, and  thus  this  is  a false  candidate. 

LIST  Data  Base  Problems 

Unit  price  (UP).  During  the  visit  to  Oklahoma  City 
Air  Logistics  Center,  the  results  generated  by  running  the 
model  were  discussed  with  item  management  personnel.  One 
individual  expressed  concern  over  the  unit  price  reflected 
in  the  data  base.  He  pointed  out  that  the  unit  price  is 
only  updated  in  the  USAF  supply  cataloguing  system  upon  new 
procurement  of  the  particular  ISSN.  In  the  supply  system  if 
an  item  was  last  procured  10  years  ago,  the  purchase  price 
at  that  time  is  the  unit  price  of  the  item  until  the  item  is 
again  purchased.  The  results  of  this  revelation  is  that  the 
unit  prices  reflected  in  the  data  base  are  not  always  repre- 
sentative of  the  price  that  would  have  to  be  paid  if  the 
same  item  were  procured  today. 

The  unit  price  is  used  in  the  computer  program, 
directly  and  indirectly  in  13  equations  and  several  program 
control  points.  It  must  be  realized  that  the  application  of 
the  model  without  accurate  and  current  unit  prices  can  affect 
the  decision  to  choose  one  replacement  policy  over  another, 
this  can  result  in  an  expectation  of  a particular  return-on- 
investment  (R01)  when  in  fact  another  somewhat  different  ROi 
is  being  realized. 
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The  unit  price  is  used  in  the  investment  model  to 
calculate  the  Total  Benefit- to -Investment  ratio.  If,  for 
instance,  the  UP  on  the  supply  record  is  $6000.00,  and  that 
UP  is  10  years  old,  the  reprocurement  price  for  the  same 
item  may  be  $13,000.00  today.  Using  20  times  UP  as  the 
investment  assumption,  under  the  old  price  the  investment 
would  be  $120,000,  and  under  the  current  price  it  would  be 
$360,000.  If  the  more  current  UP  were  used  in  the  model, 
the  total  effect  on  TBTIR  is  that  the  expectation  is 
reduced.  If  we  underestimate  the  investment  because  of  a 
lower  UP  required  to  double  the  MTBF,  the  actual  1BTIR  will 
be  lower  than  the  model  presents. 

While  the  number  of  unit  price  errors  of  this 
magnitude  are  small,  the  importance  of  carefully  investigating 
candidates  identified  by  the  screening  process  is  emphasized. 


Quantity  per  application  (QPA).  The  source  of  the 
quantity  per  application  (QPA)  is  the  K051  (IROS).  The  QPA 
in  the  K051  is  related  to  the  Work  Unit  Code  (WUC).  When 
the  WUCs/NSNs  are  cross-referenced,  often  the  total  number 
of  NSN's  in  the  data  base  exceeds  the  actual  quantity  of  the 
NSN  actually  found  on  the  aircraft.  For  example,  Table  4.2 
shows  the  WUC,  QPA  and  the  number  of  primary  stock  number 
occurrences.  These  combinations  appear  in  the  data  base  for 
NSN  1650006403486  on  the  KC135A  aircraft.  The  D041  reflects 


a QPA  of  four  for  this  item  on  the  KC135A,  A^:  first  glance 


NSN 

OCCURRENCES 


14BJG 

14CA0 

46825 

46826 
46994 


Table  4.2 


NSN  1650006408486- -KC 135A 
QPA  Example 


it  appears  that  the  data  base  indicates  a total  ijPA  of  10. 
However,  if  you  add  the  QPAs  from  items  1,  3,  and  6,  the 
total  is  four  which  matches  the  D041.  Those  items  have  a 
high  number  of  NSN  occurrences  compared  to  the  othei 
entries.  Improper  maintenance  data  recording  may  have 
caused  the  extraneous  WUC/QPA/NSN  cross-reference.  Further 
examination  of  the  table  reveals  that  WUC  errors  could  have 
been  committed  due  to  the  similarities  of  the  tvUCs.  Items 
1 and  2 are  13CBM  and  13CBN  respectively  with  13CBM  suspected 
as  the  correct  code  because  of  the  high  number  of  NSN 
occurrences.  Hasty  recoding  of  the  data  or  misinterpretation 
of  the  code  by  data  entry  personnel  could  be  the  cause  of 
the  error.  Similar  analysis  applies  to  items  3 and  4 and 
items  6 and  7. 
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On  the  F4E,  the  D041  reflects  NSin  1650000053695 
with  a QPA  of  two.  In  the  data  base  WUC  23730  has  628 
primary  ;NSN  occurrences  and  reflects  a QPA  of  two.  However, 
there  are  six  other  WUC  entries  in  the  2373x  area  each  with 
an  extremely  low  number  of  occurrences. 


On  the  C130A,  NSN  1650006408486,  the  QPA  for  WUC 
13420  is  actually  four  while  the  data  base  reflects  a QPA 
of  40.  Glaring  errors  such  as  this  must  be  taken  into 
consideration  when  utilizing  any  data  base.  In  this 
instance,  the  errors  could  be  in  the  K051  or  it  could  have 
been  caused  in  the  data  transfer  process  (from  the  K051 
to  LIST). 


4 ; Summary 

This  chapter  presented  model  application,  results 
of  the  application,  and  model/data  base  deficiencies.  It 
can  be  seen  from  the  preceding  examples  of  the  model  output 
that  in  some  cases  the  items  identified  will  be  good 
candidates  for  further  reliability  improvement  investigation. 
It  must  be  kept  in  mind  that  this  "further  investigation" 
means  (1)  a thorough  analysis  of  the  data  that  promulgated 
the  TBTIR;  (2)  investigation  of  the  feasibility  of  reliaoility 
improvement  of  the  particular  item;  (3)  the  investigation  to 
ascertain  if  there  are  ongoing  studies  or  HCPs  on  the  item; 

(4)  and  many  other  factors. 
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The  identification  of  items  through  the  model  is 
only  the  starting  point  from  which  to  begin  the  thorough 
investigation  of  the  reliability  improvement  possibilities 
for  the  item.  The  advantage  to  processing  the  model 
against  the  data  base  is  that  this  computerized  identifi- 
cation process  is  more  efficient  than  current  identification 
techniques,  in  terms  of  manpower  requirements  and  the  data 
retrieval  process.  Once  the  initial  identification  is 
accomplished  by  the  model,  the  engineering  proposals  and 
estimated  costs  and  resultant  life  cycle  savings  must  still 
be  computed. 

As  a result  of  the  analyses,  it  appears  that  if  an 
item  currently  has  a low  or  consistent  depot  condemnation 
rate,  it  generally  is  not  considered  to  be  a problem  item. 
This  discounts  the  possible  high  number  of  maintenance 
actions  taking  place  in  the  field,  therefore  ignoring  a vast 
number  of  potential  reliability  improvement  candidates. 

Applying  the  model  to  the  LIST  data  base  revealed 
that  the  model  can  be  used  if  the  user  recognizes  the 
deficiencies  previously  discussed.  Chapter  V presents  the 
summary,  conclusions,  and  recommendations. 
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CHAPTER  V 


SUMMARY,  CONCLUSIONS  AND  RECOMMENDATIONS 

Summary 

The  principle  objectives  of  this  study  were  to 
develop,  apply,  and  evaluate  a computerized  screening 
methodology  which  could  identify  aircraft  equipment  items 
for  reliability  improvement.  These  same  items,  if  improved, 
would  have  a potential  high  return-on-investment  if  intro- 
duced as  a spare  on  a normal  attrition  or  replacement -on- 
failure  basis.  The  model  described  in  Chapter  III,  and  the 
computer  program  depicted  in  Appendix  B is  presented  in 
response  to  the  principle  objective  of  model  development. 

The  model  is  developed  for  general  use  and  is  appli- 
cable only  to  the  LIST  data  base  which  currently  contains 
data  elements  pertaining  to  31  operational  Air  Force  air- 
craft. The  model  was  translated  into  a computer  program  and 
has  been  applied  to  the  LIST  data  base.  The  model  can  be 
exercised,  using  the  computer  program  to  screen  the  data  for 

I 

identification  of  potential  reliability  improvement  candi- 
dates. 

Conclusions 

The  research  objectives  were  met.  A computerized 
modeling  methodology  was  developed  for  identifying 
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reliability  improvement  candidates.  However,  the  model  and 
the  data  base  can  be  expanded  and  improved.  The  model  lias 
been  applied  to  the  1650  FSC  of  items  and  modeling  output 
has  been  evaluated  with  the  assistance  of  equipment 
specialists  assigned  to  the  Oklahoma  City  Air  Logistics 


Center. 


The  advantages  of  the  ROI  model  over  the  current 


approaches  described  in  Chapter  11  are  many.  Firstly,  the 
ROI  model  incorporates  a data  base  which  contains  data 
retrieved  from  the  various  sources  indicated  in  Figure  2.3 
of  Chapter  II.  This  compilation  of  data  into  one  data 
source  is  a more  powerful  and  efficient  approach  for  data 
analysis.  Secondly,  the  computer  is  capable  of  analyzing 
vast  amounts  of  data  (i.e,,  93,000)  in  a short  amount  of 
time  (300  seconds  approximately).  Thirdly,  when  utilizing 
numerous  manual  sources  of  data  (i.e.,  telephone  calls  from 
several  sources)  the  possibility  of  inadvertantly  discarding 
important  information  is  high.  Fourthly,  the  ROI  model  and 
data  base  have  the  potential  of  greatly  reducing  the  time 
span  required  to  identify  potential  reliability  improvement 
candidates.  For  instance,  it  may  take  several  months  for  a 
trend  to  develop  utilizing  MDRs  and  other  manual  reports 
from  field  and  other  echelons.  Also  the  establishment  of 
trends  from  overhaul  facilities  could  span  several  months. 

Figure  5.1  represents  the  block  diagram  of  the 


proposed  method  of  the  identification  of  aircraft  equipment 
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for  reliability  improvement.  When  compared  to  Figure  2.1 
of  Chapter  II,  this  approach  is  someviat  simplified  and 
hence  more  efficient  as  a means  of  accessing  data  and 
conducting  reliability  improvement  analyses. 

Recommendations  for  Improvements 

1.  Currently  the  TBTIR  calculations  are  performed 
by  aircraft  by  WUC/NSN  cross-reference.  If  the  NSN  is 
applicable  to  more  than  one  aircraft  and  more  than  one  WUC 
within  that  aircraft  a line  of  calculations  is  presented  for 
each  WUC/MDS  combination.  This  makes  it  difficult  to 
determine  the  true  TBTIR  for  improving  the  NSN.  Recommend 
the  model  be  modified  to  incoporate  all  calculations  at  the 
NSN  level  so  that  the  TBTIR  reflects  a more  realistic 
estimation  of  the  benefits  to  be  gained  from  the  reliability 
improvement. 

2.  An  empirical  study  should  be  initiated  to  relate 
the  investment  required  to  the  degree  of  reliability 
improvement. 

3.  Further  study  is  needed  to  validate  the  model. 

This  could  entail  running  the  model  and  analyses  over  a 
wider  range  of  Federal  stock  classes. 

4.  The  data  base  should  be  upgraded  to  include  all 
United  States  Air  Force  Aircraft  weapon  systems. 

5.  The  data  base  WUC/NSN  cross-reference  should  be 
expanded  and  made  comprehensive. 
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6.  The  data  base  should  be  periodically  updated  to 
include  current  data. 

7.  Additional  study  could  be  directed  towards  model 
modification  to  include  other  types  of  failure  distributions 
Presently,  the  model  developed  assumes  the  exponential 
distribution. 


Availability- -A  measure  of  the  degree  to  which  an 
item  Is  in  the  operable  and  committuble  state  at  the  start 
of  the  mission,  when  the  mission  is  called  for  at  an  unknown 
(random  point  in  time). 

£OQ--Kconomic  Order  quantity  Item- -An  item  normally 
consumed  in  use,  i.e.,  not  repaired  upon  failure,  generally 
a low  cost  item  termed  "throw  away"  or  failure. 

Failure- -The  inability  of  an  item  to  perform  within 
previously  specified  limits. 

Failure,  Random--Any  failure  whose  occurrence  is 
unpredictable  in  an  absolute  sense  but  vdiich  is  predict- 
able only  in  a probabilistic  or  statistical  sense. 

Failure  Rate- -The  number  of  failures  of  an  item  per 
unit  measure  of  life  (cvcles,  time,  miles,  events,  etc.,  as 
applicable  for  the  item). 

Maintainability- -A  characteristic  of  design  and 
installation  which  is  expressed  as  the  probability  that 
an  item  will  be  retained  in  or  restored  to  a specified 
condition  within  a given  period  of  time,  when  the  main- 
tenance is  performed  in  accordance  with  prescribed  pro- 
cedures and  resources. 

Maintenance- -All  actions  necessary  for  retaining  an 
item  in  or  restoring  it  to  a specified  condition. 

Mean -Time- Between -Failures  (MTBF)--For  a particular 
interval,  the  total  functioning  life  of  a population  of 
an  item  divided  by  the  total  number  of  failures  within 
the  population  during  the  measurement  interval.  The 
definition  holds  for  time,  cycles,  miles,  events,  or 
other  measure  of  life  units. 

Mi ssi on- -The  objective  or  task,  together  with  the 
purpose,  which  clearly  indicates  the  action  to  be  taken. 

MKTS- -Not  Repaired  This  Station- -When  ari  item  fails 
and  the  repair  is  beyond  the  capability  of  the  unit  to 
repair  because  of  lack  of  skills,  equipment,  replacement 
parts,  etc.,  the  item  is  ARTS  and  processed  to  a higher 
level  repair  facility  with  the  appropriate  capability. 

A series  of  raaintenance-acti on-taken  codes  is  assigned 
to  indicate  the  cause  of  the  jNRTS  action  (e.g.,  action 
taken  code  2 means  " Bench-checked --MRTS- -Lack  of  Equipment, 
Tools  or  Facilities  [ 17 tV-00^]" ) . 
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Operable- -The  state  of  being  .{ole  to  perforin  the 
Intended  function. 

Operational  - -Of , or  pertaining,  to,  the  state  of 
actual  usage. 

O&S  Costs --Operations  and  Support  Costs--All  costs 
associated  with  operating  the  weapon  system  from  delivery 
to  retirement. 

Ready  Rate,  Operational  (Combat) --Percent  of  assigned 
items  capable  of  performing  the  mission  or  function  for 
which  they  were  designed,  at  a random  point  in  time. 

Rel iabil i ty- -The  probability  that  an  item  will 
perform  its  intended  function  for  a specified  interval  under 
stated  conditions. 

Repair  Cycle  Item- -When  a malfunction  is  detected 
and  the  cause  isolated,  the  item  causing  the  discrepancy 
is  normally  repaired  and  returned  to  service  through  the 
supply  system. 

System  Effectiveness- -A  measure  of  the  degree  to 
which  an  item  can  be  expected  to  achieve  a set  of  specific 
mission  requirements,  and  which  may  be  e> pressed  as  a 
function  of  availability,  dependability  and  capability. 

Time,  Down  (Downtime) --That  eleraei  t of  Time  during 
which  the  item  is  not  in  condition  to  perform  its  intended 
function. 

Time.  Up  (Uptime) --That  element  of  Active  Time 
during  which  an  item  is  either  alert,  reacting,  or  per- 
forming a mission  [18i2-10], 

WUC- -Work  Unit  Code- -A  code  consisting  of  five 
alpha-numeric  characters  to  identify  the  system,  subsystem 
or  component  for  which  a maintenance  action  was  recorded 
[17.11-001]. 
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APPENDIX  B 


VARIABLE  LIST/COMPUTER  PROGRAM 
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AD-A0S9  bob 


UNCLASSIF IED 


AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OHIO  SCHO— ETC  F/G  1/5 
A COMPUTERIZED  METHODOLOGY  FOR  THE  IDENTIFICATION  OF  AIRCRAFT  E— ETC(U) 
JUN  78  R bAKER * D J HOLLINGSWORTH 

AFIT-LSSR-31-78A  NL  


-12-78 


SAC 


ERL 

AC  UP 

HP 

INV 

AFFH 

KAC 

KWUC 

QPA 

UMMH 

SMli 

NORMG 

NORMF 

MSA 

MNOUN 

UP 

DRO 

IM 

IMG 

PARTS 

PBC 

PDC 

URC 


* Aircraft  Mission  Design  Series  (MDS)  from 
System  Data 

» Effective  Remaining  Life 
= Aircraft  Unit  Price 
= Hours  Possessed 
= MDS  Inventory 
= Annual  Fleet  Flying  Hours 
= Aircraft  MDS  from  Equipment  Data 
= Work  Unit  Code 
= Quantity  per  Application 
= Unscheduled  Maintenance  Manhours 
= Shop  Manhours 

= Not  Mission  Capable  for  Maintenance 
= Partial  Mission  Capable  for  Maintenance 
= Master  Stock  Number 
« Master  Stock  Number  Noun 
= Unit  Price  of  Equipment  Item 
= Demand  Rate  of  Old  Item 
= Item  Manager  (ALC) 

= Item  Manager  Code 

* Percent  Not  Repairable  This  Station 
= Percent  Base  Condemnation 

» Percent  Depot  Condemnation 
» Unit  Repair  Cost 
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ARS 

ADO 

mi) 

TC(  I ) 
TDOL(I) 

RIF 

DRN 

TDNL(l) 

CPDFL 

CPDBC 

CPDBR 

CPDDC 

CPDDR 

CPDN 

CPDO(I) 

CROL(I) 

CSNL(I) 

costnl(i) 

COSTOL 

TOIL 

TDUL 

DEMFAC(I) 


■ Average  Requisition  Size 

■ Annual  Demands  of  Old  Item 

- Replacement  Factor  for  Case  I 

■ Time  Constant 

“ Total  Demands  of  Old  Item  for  Remaining  Life 
(Assuming  something  is  done) 

» Reliability  Improvement  Factor 

- Demand  Rate  of  New  Item 

•=  Total  Demands  of  New  Item  for  Remaining  Life 

■ Cost  per  Demand  for  Flight  Line  Action 

■ Cost  per  Demand  for  Base  Condemnation 

■ Cost  per  Demand  for  base  Repair 

« Cost  per  Demand  for  Depot  Condemnation 

■ Cost  per  Demand  for  Depot  Repair 

- Cost  per  Demand  of  New  Item 

• Total  Cost  per  Demand  of  Old  Item  for  Case  I 

- Cost  of  Replaced  Old  Items  Remaining  Life 

« Cost  of  Replacement  New  Items  Remaining  Life 
» Cost  of  Old  and  New  Items  Remaining  Life 

- Cost  of  Old  Items  Remaining  Life,  no  Reliability 
Improvement 

■ Total  Demands  Remaining  Life  with  Improvement 
Program 

• Total  Demands  of  Item  Remaining  Life,  no 
Improvement 

- Demand  Factor,  i.e.,  Ratio  of  Demand  Improved 
to  Unimproved,  Case  1 
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VDAM 


» Value  of  Down  Aircraft  for  Maintenance 


AB(1) 

SCB(I) 

GSL(l) 

IC 

INVEST 

CBTIB(I) 

TBTIR(I) 


» Availability  Benefits 
- Support  Cost  Benefits 
« Gross  Savings  for  Remaining  Life 

■ Investment  Coefficient 

■ Amount  of  Investment 

*»  Support  Cost  Benefit- to- Investment  Ratio 

■ Total  Benefit  (Support  Cost  and  Availability) 
to  Investment  Ratio 


86 


THIS  PAGE  IS  BEST  QUALITY  TTIACTICABU 
IRON  COO  fUkiUsHJsJ  H)  UUC  - 


«v r < * t input, (iur*v/r , r «/•■*  i •/  u N f A»f j.t  ap«  t.  t api  w , t a»c  t) 
T N i • r.»  • OAC  I Ml  »r  *L  «MI  • INVI  Ml . Ar»Mt3i»  ,SAvr AC«  IM,HfiMl 
trAl  INV.  ST  ,VU<  11 

OjNfNSlON  *f  t . »0oi  1 3 >,10*1  111 

01  list  ON  CMni.M,nil*IM|Tirni|GSLI)) 

01  Ml  MS  I ON  ^OHJIiC^UJI.^NU  < I ,'TOSr*L  < II 
ilinrtlflU  irUUl.CKNf  ACI3),  Art<3),3CfttS>  •ACU’MIl) 

OWNIN')  1 
•‘NlNtf  f 
N*»*|NT  • *0C 

c 

C •r*D  SVSfIN  DATA 

c 

11  1C  I • UJI 

»r4o  ici,mcui ,*  ti  it  i ,acupi i i.mpui »inv<i) • am-miii 
to  coNumir 
c 

C *r A 0 fQUlPN'NT  DATA 

c 

S A V*  AC  * 

103  •CAOll.Al.'l  <AC  tKNl)C»1' A,l)MNH,  SHN,N<I1N0,N<H  NP.  NS  N.NNOUN.  *>P,  1»t>. 
t *N,  JN1',rN9TS,*»fl%,»)C,UPC.AtS 

ir  iron  ii  i *cj*iio 

113  CON11NUI 

?r  l*SN.L  I .l**JOC6aoroC3»  GO  10  103 
!•  I"  M.oi  * 1*  >)*  » lO^PONll  go  10  100 
111  Ir  fAAC.CQ.SAVf  AC)  GO  TO  1%C 
03  170  I * l.Jl 
1*  (SACt!)  •FQ.'UCI  GO  TO  W* 
m coNTiNur 
i?n  coNTiNor 
<<  ■ I 

A* MP4  • i 1000. C»AM  *mO  I/INV  <<«(> 

Cl  • lO.O'ArrmsKl 
SAW  AC  • *AC 
N**tNT  * *00 
113  COMTlNUf 
C 

C r.ALCULATt  ANALYTICAL  VALOCS 

c 

C CA.M  ■ rf£PL  AC5  ON  r mOi  HNA  T 1 ON  <AOC» 

C f A Sf  / • *lt.»LAC€  OP  Pf PA  I N AT  0AS|  INOAAN) 

C CASfA  * *r®LACf  ON  fARUPf  tPOr) 

c 

rr <u*».Lf .a i o to  tcc 

1*  ni  O.u  .J»  GO  To  100 

IMAtS.GT.SI  G)  TO  IOC 

A3)  • C|*OA0*V»A 

•fill  • POC* t »NPTS*POCI 

N«  I/I  • P0C*PNAIS 

•PIT)  • 1.00 

00  l*A  T • 1*1 

ir ipi 111 .11.01  tfll)  • l.Of 

TCIll  • lOJ.a/ltr  m*A*MPA*QPA*1PO> 

TfCltl  • rt»  (NKl/TCl!) 

IMMCm  .L?.SfM  03  TO  1*0 
TIQIXI  • *M.O 


87 


Lei 


THIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 

PROM  COPY  EUKNISHJO)  TO  LU)C 


b I 


Ni«un  • t’ftjMCff) 

Kilt f u,*»ci»  sac ,**ur ,sf *l m 
aoi  ro»«ar<  uir,a4,f*,a%,‘  *.* s. ft 
no  1 ■) ji  iii  » ci ' in • i i n-c  spi-ttc i t i > i 

° I r - J.O 
'1»N  • JPO/*!* 

TiMiiii  • eivwi)M*(CRi  ik«i «<rcin ®irit»>i-T?cin> -1  cm 

|PS  c IN I l SOP 

r*»jp|  • (imHXMt.si /*oi 

c*oac  • P4"*u» 

c®??®  • .c i /son 

c®ooc  • pn«  i •*•  !»'»<:•  u* 

TPIO*  • PNMSMt*  JO-»OC)  *UPC 

CPJN  « CPOfl  ♦ CP38C  ♦ i.*08«  ♦ CPOOC  ♦ CPOOH 

-OSf  Pi»  > H*N  ) *0*  T Mt  TMCf  cases 


♦ CP08*  ♦ 


C®  1C  1 1 1 ■ CP  IN 

c*30f?>  • :®ort  ♦ :*na: 

C®3C|3>  » CPOn.  ♦ OP 

t>0  tss  1-1,3 

<"»0 1 111  • c*.r  « 1 1 • I •'OL  1 1 I 

CSNllll  • ;i»V|Mi'NU!l 

r OS  ? ML  III  « C ?OL  1 1 I ♦ C«NilI> 
n 111  « CMOli  I*a30«t  U IKO 
Tm  i!)  » root  id  > im in 

»1JI  X *00*f  I <K  I 
n ir  AT  1 n * mil  D/TOOl 

V )AH  <*o«s»  ♦ K1®m  . | • INV  l*K  >**CU*1IC<  l/IM®|*iCI*lOOC.JI 
HCI  * M.c  - 3f  3*1';  (Ml  •VQAM»1C00,6 
r:ill»  ■l.lillL  - CO  .TNI l I I 1 / 1JCC. 3 

csiiri  « sc *3 in  ♦ urn 
i:  • ?a.c 

l \ v • c r a rc*f  vUwu.c 
C 11  luID  » SCUD/INVFST 
TSIIilD  » GSl 1 1 1/lNVfST 
1SS  CONT1NOC 

TM*CS  MM1CM  C4Sr  Mis  1 Mt  C>0r  A T c ST  811® 


GO  10  CIO 
GO  10  /JO 


GO  TO  //o 


l«  IT81  IP  11 1 .GT.  MTX»I?> ) 

\r  1 1 Oil*!  » I .GT.  IBM*!  II  I 

r.o  TO  ^*»c 

*1)  IMT^IMII  .GT.  TBTI9ISI  ) 
go  to  /to 
m i • i 
GO  TO 
/10  1 « ? 

GO  TO  ?S3 
/tP  I • 3 

/SO  TIN! INUF 

lF(T®Ti«1\l .ll.S.Jl  GO  TO  luw 

C0Mvt#T  ofciiui*  eacs  into  ®f*cfnis 
®*c  » ica,j*Pic 


!■ 


Sl*. 


JHIS  FAQE  IS  BEST  QUALITY  I'lvAUTICAilMS 

(XU  Y i'UiuYioiLi^  YV  WU 


«*)  • tot.  ••K 

••sir  * \c  j , 

N.M1M  « N^r<!  • \ 

lMN«»»tNt  ,L?  .%CI  GO  10  ! V 
« * l r f < * , « • ' » 

NJM  I.  * A * 1» 

*-»l»  t.'.OOCI 
«•*  It*  I . * I > 

« • 1 1 

mit  i *,m  ii 
k * >»•  t r 

* CO  4t  I-l  ■ 

»Mi  i * . acm  *a<*  .«*uc,  «sn, *w<nn.  jn. i«; .aoo.cpooh  t .u^CtU** •h'iii. 

go  to  uc 

* con  t ?•♦■»« 

» » mat  wm  m »n  •; 

: r v«*a  i m*w/  t 

i « ) N •• « 1 i a », , « * , u » f *> . \ . t » , \ v ' ♦ I * . •'  * « l - » 

* 0'»vn*Af»  .,1  < . ; » » t * * . 'r  ■» . v , «.  •.  % , \ • , ■ i v , \ r , «...  \ , \ i v , ; \ x . « v * . ' > . ' . 

T * > >NA  T v .•  » . „ *M  \ or  • <v  1 •*'  l (AM  {l  | TV  «*,-  . S ^ A °c  i r.ANi'T  >A  ! ■;//) 

4 r 0 >*«A  T I A , » , fcMI'lU  •**  % *.  «M  AN  / l | T » ••"'4  V < » N \ '*m  A • 1 J , T \ 4 ■;  1 , 

\ «'«.*“  ' S I / , A > , •'  , , N1  '«»•  ♦»'  , •,».«?'  OAV  . VMf  A | , V'*  f • 

? AVf*<  , >»,A'»VVn,t,T,  .MlW'  * f\\  X , t , ,,x  , 

X * M T 0’*K  , ' % , *.M  ANNUAL  , *X  , 'O  •*  A N T , T « , I 0 N > 1 . ' , \ \ , 

«.  "'t  IN  .M.-Mv/M.'l.M.!,  U OT  m , . X % M M IX  » I , % X , M'”  1 . « 1 '•  X , l M°  fs 

* >'  I.  '',.*''1  V ,M,1  "NUN  I , 7 \ , MMNvVIS,  Mi,-v*«0  M.\*n  ) , i *, 

* VM  »l  ^ * *- » 1 T . ' X , ..'<11  ? 1 > , h \ , \»«v  V | , i,  X . ?M«  , »»l  A ‘ ."k. 

9 **u-  . •'  • *M  I !l  , \ \ % *<«  , V*t « *K  « hHC  t f •«■•'*  //I 

«»  * 0 » |,  «,&/><  ' X , A • , , 1 1 «»,**.  Alt  . , A,'  ♦ , H \ * ,'X  ,«•  V ..O/A.v.O, 

\ '''.C,!',*’.  ?.  ',n,i  r.  \ >'.n..T,ivi 

f , a %\  \ T , ' \ A a i.r  r ..  ,£M,u,r»|,  ), 

t MM.’I  i.liM'. 

■ fOTMAT  ».  V Mil'll  Tl 

v r ' ’"M  H , i ' , "'lil'.M  *’•*'»  *MMA  s I ( *f , * | l(  , t >•»•'  *'AW. 

I n^MU'lU,  'O.ANt’.h  , T X , 1 *M  -'V  ; SAVINGS  {ST  t**,*HlN  T'  X) 

* r0  -'MA  \ iv  V » . «•*«  I 1 • I'X  • '•  tv»rn  . AX  % • MM  O.'K.MX  , AMt  T M M-  C , , ,-.ASS^  41  , 

V *1  ,<  M li  MA*|  I,  «X  « %mi.  >v  T , h%  « ' 1 1:  . ,*«  , PMC  OK  »1  ANT  • , 

; in 

* * ' T**A  T I V X , V AMA  J <»Cc*Ar  X V'  T 0 ■ HNiJ  W' ' ^ t X f •»  MN  J{t*|  % 'V  X ,4  M A ( C V > « 

\ I NAVN’TjHlil.AT.'MIM.1  X * T M | M ♦ * X , h M { V < T , r X , «•  M A V A R , 

' ;x,  ?MSiir»*o'»i  • 1*  mtoi  ai  , *«,  tmsoo%hx,  'mTOT  jh«*  >i  t 

C4U.  rM| 

IN  ) 


A.  references  cued 

1.  blewitt,  Stephen  J.  Product  Improvement  Program 

Evaluation.  USAAMROL-TR-  U- 1 7 , Boeing  Vertol  Cora- 
pany,  Philadelphia,  Pennsylvania,  June  1977. 

ADA 042134. 

2.  Brown,  Captain  Jeffry  F. , USAF,  and  Neal  F.  Chamblee. 

A-10A  PI  & E Reliability  and  Mamtalnabll Ity  Eval- 
uation! AFFTC  -TR  - 76-35 , Wright  -Patterson  AFB,  Ohio, 
September  1976.  AD  BQ15233L. 

3.  Cooper,  Lieutenant  Colonel  Leroy  D. , USAF.  "Reliability 

Testing i Influenced  by  Requirements  of  the  Systems 
Operator,"  Unpublished  research  report  No.  5878, 

Air  War  College,  Maxwell  AFB,  Alabama,  1976. 

4.  Fiorello,  Marco.  Estimating  Life-Cycle  Costsi  A Case 

Study  of  the  A-7d.  RAND  report  No.  R- 1518 -PR, 

Santa  Monica,  California,  February  1975. 

5.  Gansler,  Jacques  S.  "Comment,"  Defense  Management 

Journal,  Vol.  12,  No.  2 (April  1976),  p.  1. 

6.  Genet,  Russell  M. , Thomas  D.  Meitzler,  and  Gordon  W. 

Spray,  Captain,  USAF.  Logistics  Investment  Screening 
Technique.  Aeronautical  Systems  Division,  Air  Force 
Systems  Command,  Wright -Patterson  AFB,  Ohio, 

7 November  1977. 

7.  Genet,  Russell  M. , Chief,  Plans  and  Analysis,  PRAM 

Program  Office,  Aeronautical  Systems  Division, 
toright-Patterson  AFB,  Ohio.  Personal  interview, 

23  November  1977. 

8.  Johnson,  W.  L.  and  R.  E.  Reel.  Maintainability /Rel v - 

ability  Impact  on  Support  Costs.  AFFLD-TR- 73 , 


AF  Flight  Dynamics  Laboratory,  AFSC,  Wright -Patterson 
AFB,  Ohio,  December  1973.  AD  916434L. 

9.  Logistics  Management  Engineering,  Inc.  Tracking  and  Pro- 
jecting Logistic  Support  Costs  for  USAF  Ground 
Communication-Electronic  Equipment.  LME-75-C-S72, 


10.  Logistics  Management  Institute.  Criteria  for  Evalu- 

ating Weapon  Sy  stem  Rel  iabllltv.  Availability,  ana 
Costs.  LM1  Task  ?3-ll,  Washington,  D.C7,  March  T9 74 . 

11.  Nelson,  J.  K.  and  others.  A Weapon-System  Life-Cycle 

Overview!  The  A-7D  Experience.'  RAoIT report 
No.  R 14 $2 -PR,  Santa  Monica,  California,  October 
IS)  74. 

12.  Sunstrand  Corporation.  Unsolicited  Value  Lnttlneerliu; 

Proposal . DD  Form  lo*)?,'  No.  34 309b-'r2 , 

1 September  1977. 

13.  U.S,  Air  Force  Logistics  Command.  AFLC  directorate 

of  Materiel  Management.  AFLCR  2T-43.  Wright- 
Fatterson  AFB,  Ohio,  T7  May  1977. 

14.  U.S.  Air  Force  Logistics  Command /A i r Force  Systems 

Command.  Reliability  and  Maintainability  Data 
Sources.  AFLC/AFSC  P ^OTT- 1 1 , Wright  -Patterson  ,vF3, 
6hio,  Tb  August  1974. 

15.  U.S.  Air  Force  Logistics  Command,  Oklahoma  City  Air 

Logistics  Center.  Program  Outline  for  Constant 
Speed  Drive  Deep  Look  Program  (CSP/PLPT.  Tinker  AFB, 
Ohlahoma,  3 February  1977, 

16.  U.S.  Department  of  the  Air  Force.  Reliability  and  Maln- 

tati\abi l Ity  Programs  for  Systems.  Subsystems,  _tqul p- 
ment  and  Munitions^  AF^i  30-5.  Washingtoni  Govern- 
ment  Printing  Office,  1973. 

17.  U.S.  Department  oi  the  Air  Force.  Technical  Manual » 

Aircraft  Maintenance  Work  Unit  Code  Manual  USAF 
SerTc s F B 1 1 1A  ~Atrc  raft.  T . 0 . 1 F 1 1 U B ) A^t )6~. 
Washingtoni  Government  Printing  Office, 

3 February  1976. 

18.  U.S.  Department  of  Defense.  Military  Standard  Deti- 

nltlons  of  Effectiveness  Terms  for  Reliability. 
Maintainability.  Human  factors,  and  safety. 

MlL-STb- 72l B.  Washington i Government  Printing 
Office,  25  August  1966, 


B.  RELATED  SOURCES 

Bishop,  L.  L.  TAERS  Initial  Validation  Results.  USAAVSCOM- 
TR-b9-6,  Systems  Engineering  CTree t orate,-  Army  Aviation 
Systems  Command,  St.  Louis,  Missouri,  August  19o9. 

AD  861146. 


92 


Carlson,  J.  H. , and  A.  M.  Fraser.  Design  Guidelines  for 
Reduced  Life  Cycle  Cost  of  Advance  Systems.  Vols.  I & 

HT  Air  Force  Flight  Dynamics  Laboratory,  Air  Force 
Systems  Command,  Wright -Patterson  AFB,  Ohio,  June  1975, 

AD  B009227. 

Defense  Systems  Acquisition  Review  Council.  Operating  and 
Support  Cost  Estimates.  National  Technical  Information 
Serviced  May  1974,!  AD  A001747. 

Department  of  the  Army,  the  Navy,  and  the  Air  Force.  Final 
Report  of  the  Joint  Logistics  Commanders  Electronic 
Systems  Reliability  Workshop.  1 October  1975. 

Douglas  Aircraft  Division.  Mathematical  Availability  Model. 
Reliability  Engineering  Report  No.  LB-31450.  Long 
Beach,  California,  6 July  1964.  AD  915729. 

Furska,  Alex  and  George  Miller.  Reliability  Methdology 

and  Procedures.  Department  of  Transportation,  Federal 
Aviation  Administration  Systems  Research  and  Develop- 
ment Service,  Washington,  D.C.,  April  1966.  AD  A025263. 

Genet,  Russell  M.  and  Thomas  D.  Meitzler.  Avionics  Prolifer- 
ation! A Life  Cycle  Cost  Perspective.  Industrial 
Engineering  Support  Division,  Aerospace  Guidance  and 
Meteorology  Center,  Newark  Air  Force  Station,  Newark, 
Ohio,  30  July  1975. 

Gluck,  Lieutenant  Colonel  Fred,  USAF,  ed.  A Compendium  of 
Authenticated  Logistics  Terms  and  Definitions.  Air 
University  Technical  Report  5,  Air  Force  Institute  of 
Technology,  Wright -Patterson  AFB,  Ohio,  January  1970. 

Hall,  S.  Woodrow,  Jr.  On  High  Support  Costs  and  Poor 

Reliabilities  in  Air  Force  Aircraft  Equipments.  Studies 
and  Analysis  Branch,  PRAM  Program  Office,  Wright - 
Patterson  AFB,  Ohio,  9 March  1976.  AD  A023836. 

and  Lieutenant  Gordan  W.  Spray.  Reducing  Support 

Costs  and  Improving  Reliabilities/Availabili ties  oi 
Air  Force  Aircraft  Equipment.  Studies  and  Analysis 
Branch,  PRAM  Program  Office,  Wright -Patterson  AFB,  Ohio, 

7 April  1976.  AD  A023835. 

llatry,  Harry  P.  Statistical  Cost  Estimating  Relationship- - 
Some  Basic  Issues  (Aircraft  Examples).  TP  66-3',  Office 
of  the  Assistant  Secretary  of  Defense,  Washington,  D.C., 

3 March  1966.  AD  659321. 


iranofcUBt/.TA: 


Howard,  Captain  Christopher  B. , USAF.  "Evaluation  oi  F-15 
Gyrations  and  Maintenance  Costs  Based  on  Analysis  oi 
Category  II  Test  Progi'am  Maintenance  Data,"  Unpublished 
roaster’s  thesis.  CSM/SM/75S- 3,  AF1T/EN,  Wright -Patterson 
AFB,  Ohio.  August  1975.  AD-A021253. 


Operational  Influences  on  Keliabll 
CulverCity,  California,  December 


hughes  Aircraft  Company, 
ity.  RADC-TR-76-J66 
W6.  AD  A035016. 


Locks,  Mitchell  D.  Reliability,  Maintainability,  and 
Availability  Assessment.  Rochelle  Park,  New  Jersey 


Procedural  Guide  lor  Computing  and  Frol ecting 
c Support  Costs  for  USAF  Ground  CEM  Equipment 
C-899 , Severna  Park,  Maryland,  T7  May  1 $ 7o . 


Logistics  Management  Institute.  Criteria  tor  Evaluating 
Weapon  System  Reliability,  Availability,  and  Costs. 
LMI  Task  No.  73- ll,  Washington,  D.C.,  March  T9  74, 
AD-777  456. 


Luker,  Gary  D. , G.  Norman  Stanard  and  Jimmy  E.  Thomas. 
AVSCOM  Maintenance  Operating  and  support  Cost.  Model . 
USAAVSCOM  JR  77-5,  Office  of  the  Comptroller,  U.S.  Army 
Aviation  Systems  Command,  St.  Louis,  Missouri, 

February  1977.  AD  B016350. 


McDonnell  Douglas  Corporation  Aircraft  Company.  Keliabl lit 
and  Maintainability  Allocations.  Report  MDC  £3335, 

St.  Louis,  Missouri,  I"3  (October  1976.  AD  B015384. 


. Reliability  and  Malntalnabillt 

Report  MbC  A4336,  St.  Louis,  Missouri 
AD  B015033. 


Schmid,  Merle  D.  Basic  Reliability  Training  Course. 

Vol.  I.  Design  Services  Section.  Pratt  and  Whitney 
Aircraft,  East  Hartford,  Connecticut.  June-July  1968 
AD  838613. 


The  Boeing  Company.  Life  Cycle  Cost/System  Effectiveness 
Evaluation  and  Criteria.  Doc.  No.  DldO-'l 7648-1, 
Seattle,  Washington,  January  1974.  AD  916001. 


U.S.  Department  of  Defense.  Ml  lit. 
Prediction.  MIL-STD- 756A.  Wa 
Printing  Office,  15  May  1963. 


